caspase-3-like activitji^P not required for either casp«|f2 processing or 
apoptosis in this paradigm. An antisense oligonucleotide io caspase-2 
inhibited cell death but did not affect caspase-3-like activity, indicating 
that caspase-2 is not upstream of this activity and that activation of 
caspase-3-like caspases is not sufficient for death. Thus, in our paradigm, 
caspase-2 processing and caspase-3-like activity are induced independently 
of each other. Moreover, although death requires caspase-2, caspase-3-like 
activity is neither necessary nor sufficient for death. 
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Evidence of a direct role for Bcl-2 in the regulation of 
articular chondrocyte apoptosis under the conditions of serum withdrawal 
and retinoic acid treatment. 
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The regulation of chondrocyte apoptosis in articular cartilage may 
underlay age-associated changes in cartilage and the development of 
osteoarthritis. Here we demonstrate the importance of Bcl-2 in 
regulating articular chondrocyte apoptosis in response to both serum 
withdrawal and retinoic acid treatment. Both stimuli induced apoptosis of 
primary human articular chondrocytes and a rat chondrocyte cell line as 
evidenced by the formation of DNA ladders. Apoptosis was accompanied by 
decreased expression of aggrecan, a chondrocyte specific matrix protein. 
The expression of Bcl-2 was downregulated by both agents based 
on Northern and Western analysis, while the level of Bax expression 
remained unchanged compared to control cells. The importance of Bcl- 
2 in regulating chondrocyte apoptosis was confirmed by creating cell 
lines overexpressing sense and antisense Bcl-2 mRNA. 
Multiple cell lines expressing antisense Bcl-2 displayed 

increased apoptosis even in the presence of 10% serum as compared to 

wild-type cells. In contrast, chondrocytes overexpressing Bcl-2 

were resistant to apoptosis induced by both serum withdrawal and retinoic 

acid treatment. Finally, the expression of Bcl-2 did not block 

the decreased aggrecan expression in IRC cells treated with retinoic acid. 

We conclude that Bcl-2 plays an important role in the 

maintenance of articular chondrocyte survival and that retinoic acid 

inhibits aggrecan expression independent of the apoptotic process. 
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Curcumin induces a p53-dependent apoptosis in human basal cell carcinoma 
cells . 
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Curcumin, a potent antioxidant and chemopreventive agent, has recently 
been found to be capable of inducing apoptosis in human hepatoma and 



leukemia cells by wa^fcf an elusive mechanism. Here, ^Remonstrate that 

curcumin also induces^^optosis in human basal cell ca^R.noma cells in a 
dose- and time-dependent manner, as evidenced by internucleosomal DNA 
fragmentation and morphologic change. In our study, consistent with the 
occurrence of DNA fragmentation, nuclear p53 protein initially increased at 
12 h and peaked at 48 h after curcumin treatment. Prior treatment of cells 
with cycloheximide or actinomycin D abolished the p53 increase and 
apoptosis induced by curcumin, suggesting that either de novo p53 protein 
synthesis or some proteins synthesis for stabilization of p53 is required 
for apoptosis. In electrophoretic mobility gel-shift assays, nuclear 
extracts of cells treated with curcumin displayed distinct patterns of 
binding between p53 and its consensus binding site. Supportive of these 
findings, p53 downstream targets, including p21 (CIP1/WAF1) andGadd45, 
could be induced to localize on the nucleus by curcumin with similar p53 
kinetics. Moreover, we immunoprecipitated extracts from basal cell 
carcinoma cells with different anti-p53 antibodies, which are known to be 
specific for wild-type or mutant p53 protein. The results reveal that basal 
cell carcinoma cells contain exclusively wild-type p53; however, curcumin 
treatment did not interfere with cell cycling. Similarly, the apoptosis 
suppressor Bcl-2 and promoter Bax were not changed with the 
curcumin treatment. Finally, treatment of cells with p53 antisense 
oligonucleotide could effectively prevent curcumin-induced intracellular 
p53 protein increase and apoptosis, but sense p53 oligonucleotide could 
not. Thus, our data suggest that the p53-associated signaling pathway is 
critically involved in curcumin-mediated apoptotic cell death. This 
evidence also suggests that curcumin may be a potent agent for skin cancer 
prevention or therapy. 
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Natural resistance to intracellular parasites: a study by two-dimensional 
gel electrophoresis coupled with multivariate analysis. 
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Natural resistance to Mycobacterium bovis bacillus Calmette-Guerin (BCG) 
is determined by the Beg gene (Nrampl) , which is exclusively expressed by 
mature macrophages. The Nrampl gene is a dominant autosomal gene that has 
two allelic forms; r confers resistance and s confers susceptibility to 
infection with intracellular pathogen. Although the wide range of 
pleiotropic immunological effects of the Nrampl gene has been described, 
the exact mechanism of its action remains elusive. In this study we 
searched for differentially expressed proteins that might provide clues in 
the studies on Nrampl gene function. We performed two-dimensional gel 
electrophoresis of cellular proteins prepared from a B10R macrophage line 
derived from mice carrying the r allele of the Nrampl gene, BIOS 
macrophages carrying the s allele, and BIOR-Rb macrophages transfected with 
Nrampl-ribozyme. The classification of protein patterns and selection 
of distinct proteins characteristic of r or s allele-carrying macrophages 
was performed using the principal component analysis. We found differential 
expression of four proteins with the following isoelectric point/molecular 
weight (pi/Mr) in B10R macrophages compared to BIOS and BIOR-Rb 
macrophages: 6.6/25, 7.0/22, 9.1/31.5, and 5.3/8.5. The protein 7.0/22 has 
been identified as Mn-superoxide dismutase and the best candidate for 
protein p6.6/25 seems to be Bcl-2 according to the immunoblot 
analysis. When the splenic macrophages carrying the r or s allele were 



analyzed, the changes ii^j^lative abundance for proteins and p7.0/22 
were satisfactorily reproduced. Overall, the two identified proteins are 
important in the regulation of intracellular redox balance and the 
regulation of apoptosis in macrophages, respectively. Our findings may 
suggest their possible biological role in the innate immunity against 
intracellular pathogens. 
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Antisense inhibition of Bax mRNA increases survival of terminally 
differentiated HL60 cells. 
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Cell sensitivity to programmed cell death is primarily modulated by 
members of the Bcl-2 family, as the balance of homodimer or 
heterodimer formation between proapoptotic and antiapoptotic members 
defines apoptosis susceptibility in the great majority of cellular 
contexts. It is, therefore, important to clarify if the Bax protein is 
limiting for activation of the genetic program of programmed cell death or 
can be complemented by different Bcl-2 family members, such as 
Bak or Bad. To gain some insight into the role of Bax in the molecular 
mechanisms of apoptosis of myeloid cells, we inhibited this gene in 
all-trans-retinoic acid (ATRA) -treated HL60 cells using the methodology of 
antisense oligodeoxynucleotides (AS-ODN) . Our results indicate that 
Bax inhibition has no effect on the proliferation and differentiation 
capacity of HL60 cells. Instead, the survival rate of terminally 
differentiated Bax-inactivated HL60 (Bax(-) HL60) cells is almost three 
times higher in respect to control cultures, indicating that in mature 
granulocytes Bax is not efficiently complemented by others members of the 
Bcl-2 family proteins. 
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Synergistic cytotoxicity of bcl-2 antisense 
oligodeoxynucleotides and etoposide, doxorubicin and cisplatin on 
small-cell lung cancer cell lines. 
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Expression of Bcl-2 is life-sustaining for small-cell lung 
cancer cells and associated with drug resistance. In the present study, the 
interactions between the bcl-2 antisense 

oligodeoxynucleotide 2009 and the chemotherapeutic agents etoposide, 
doxorubicin and cisplatin were investigated on small-cell lung cancer cell 
lines to search for synergistic combinations. The cell lines NCI-H69, SW2 
and NCI-H82 express high, intermediate-high and low basal levels of 
Bcl-2 , respectively, which are inversely correlated with the 
sensitivities of the cell lines to treatment with oligodeoxynucleotide 2009 



and the chemotherapeuti^pgents alone. Moreover, differeBps were found in 
the responsiveness of the cell lines to treatment witn combinations of 
oligodeoxynucleotide 2009 and the chemotherapeutic agents. In the cell 
lines NCI-H69 and SW2, all combinations resulted in synergistic 
cytotoxicity. In NCI-H69 cells, maximum synergy with a combination index of 
0.2 was achieved with the combination of oligodeoxynucleotide 2009 and 
etoposide. In SW2 cells, the combination of oligodeoxynucleotide 2009 and 
doxorubicin was the most effective (combination index = 0.5). In the cell 
line NCI-H82, which expresses a low basal level of Bcl-2, most 
of the combinations were slightly antagonistic. Our data suggest the use of 
oligodeoxynucleotide 2009 in combination with chemotherapy for the 
treatment of small-cell lung cancer that overexpresses Bcl-2. 
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Apoptotic induction in transformed follicular lymphoma cells by Bel 
-2 downregulation. 
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The roles of Bcl-2 protein and the protein ratio of Bel 
-2 /Bax in regulating cell growth in various lymphoma cell lines were 
examined. A dose-dependent decrease in Bcl-2 protein expression 
was observed in the different lymphomas incubated with lipid-incorporated 
bcl-2 antisense oligonucleotides (L-bcl-2) . 

Growth inhibition was observed in a transformed follicular lymphoma (FL) 
cell line, which has the t(14;18) translocation and Bcl-2 
protein overexpression . One of the mechanisms by which L-bcl-2 
growth inhibition is mediated in these transformed FL cells might be 
through apoptotic induction, because the treated cells had an increased 
apoptotic index and showed the typical DNA fragmentation. These studies 
indicate that Bcl-2 protein is critical in the growth 
regulation of transformed FL cells. L-bcl-2 did not induce 
growth inhibition in lymphoma cells not expressing Bcl-2 or Bax 
protein. Thus, the protein ratio of Bcl-2/Bax may also be 
important in regulating the growth of these lymphomas. 
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[At the front line of malignant melanoma, great maneuvers: to cut the 
road to Bcl2 and "attack with chemotherapy" (news)] 

Sur le front des melanomes malins, grandes manoeuvres: couper la voie a 
Bcl2 et "chimiotheraper" . 
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Antisense to the epstein-barr virus (EBV) -encoded latent membrane 
protein 1 (LMP-1) suppresses LMP-1 and bcl-2 expression and 
promotes apoptosis in EBV- immortalized B cells. 
Kenney JL; Guinness ME; Curiel T; Lacy J 
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The Epstein-Barr virus (EBV) -encoded latent membrane protein (LMP-1) is 
required for viral transformation and functions to protect cells from 
apoptotic cell death, in part, by induction of antiapoptotic genes, 
including Bcl-2 and A20. We have used antisense 

oligodeoxynucleotides targeted to LMP-1 as a strategy to suppress LMP-1 
expression and thereby inhibit its functions. We have shown that levels of 
LMP-1 protein in EBV-positive lymphoblastoid cell lines can be reduced by 
in vitro treatment with unmodified oligodeoxynucleotides targeted to the 
first five codons of the LMP-1 open- reading frame. Furthermore, suppression 
of LMP-1 was associated with molecular and phenotypic effects that included 
downregulation of the LMP-l-inducible antiapoptotic genes, Bcl- 
2 and Mcl-1, inhibition of proliferation, stimulation of apoptosis, 
and enhancement of sensitivity to the chemotherapeutic agent, etoposide. 
These effects were largely sequence-specific and observed in EBV-positive, 
but not EBV-negative cell lines. These studies suggest that lowering 
expression of LMP-1 in EBV-associated malignancy might have therapeutic 
effects and might synergize with other antitumor agents. Copyright 1998 by 
The American Society of Hematology. 
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mcl-1 is an immediate-early gene activated by the granulocyte-macrophage 
colony-stimulating factor (GM-CSF) signaling pathway and is one component 
of the GM-CSF viability response. 
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mcl-1, a bcl-2 family member, was originally identified as an 
early gene induced during differentiation of ML-1 myeloid leukemia cells. 
In the present study, we demonstrate that Mcl-1 is tightly regulated by the 
granulocyte-macrophage colony-stimulating factor (GM-CSF) signaling 
pathway. Upon deprivation of survival factor from TF-1 myeloid progenitor 
cells, Mcl-1 levels quickly dropped prior to visible detection of apoptosis 
of these cells. Upon restimulation of these deprived cells with GM-CSF, the 
mcl-1 mRNA was immediately induced and its protein product was accordingly 
resynthesized. Analysis with Ba/F3 cells expressing various truncation 
mutants of the GM-CSF receptor revealed that the membrane distal region 
between amino acids 573 and 755 of the receptor beta chain was required for 
mcl-1 induction. Transient-transf ection assays with lucif erase reporter 
genes driven by various regions of the mcl-1 promoter demonstrated that the 
upstream sequence between -197 and -69 is responsible for cytokine 



activation of the mcl-^J|ene . Overexpression of mcl-1 dj^^yed but did not 

completely prevent apoptosis of cells triggered by cytokinT^ withdrawal . Its 
down regulation by antisense constructs overcame, at least partially, 
the survival activity of GM-CSF and induced the apoptosis of TF-1 cells. 
Taken together, these results suggest that mcl-1 is an immediate-early gene 
activated by the cytokine receptor signaling pathway and is one component 
of the GM-CSF viability response. 
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Molecular determinants of AHPN (CD437 ) -induced growth arrest and 
apoptosis in human lung cancer cell lines. 
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6- [3- (1-Adamantyl) -4-hydroxyphenyl] -2-naphthalene carboxylic acid (AHPN 
or CD437), originally identified as a retinoic acid receptor 
gamma-selective retinoid, was previously shown to induce growth inhibition 
and apoptosis in human breast cancer cells. In this study, we investigated 
the role of AHPN/CD437 and its mechanism of action in human lung cancer 
cell lines. Our results demonstrated that AHPN/CD437 effectively inhibited 
lung cancer cell growth by inducing G0/G1 arrest and apoptosis, a process 
that is accompanied by rapid induction of c-Jun, nur77, and p21 (WAF1/CIP1 ) . 
In addition, we found that expression of p53 and Bcl-2 was 
differentially regulated by AHPN/CD437 in different lung cancer cell lines 
and may play a role in regulating AHPN/CD437-induced apoptotic process. On 
constitutive expression of the c-JunAla ( 63, 73 ) protein, a dominant-negative 
inhibitor of c-Jun, in A549 cells, nur77 expression and apoptosis induction 
by AHPN/CD437 were impaired, whereas p21 (WAF1/CIP1 ) induction and G0/G1 
arrest were not affected. Furthermore, overexpression of antisense 
nur77 RNA in A549 and H460 lung cancer cell lines largely inhibited 
AHPN/CD437-induced apoptosis. Thus, expression of c-Jun and nur77 plays a 
critical role in AHPN/CD437-induced apoptosis. Together, our results reveal 
a novel pathway for retinoid-induced apoptosis and suggest that AHPN/ CD437 
or analogs may have a better therapeutic efficacy against lung cancer. 
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Need for caspase-2 in apoptosis of growth-factor-deprived PC12 cells. 
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Previous studies have shown that caspases (proteases related to 
interleukin-lbeta converting enzyme) are needed for the death of trophic 
factor-deprived PC12 cells. However, the protease involved in this process 
has not been identified. The results presented here strongly suggest that 



caspase-2 (Nedd2/Ich-l)|^Lays a major role in the death^|| serum-deprived 

PC12 cells. We show tha^^i PC12 cells overexpression of^^spase-2 induces 

cell death, serum deprivation induces processing (i.e., activation) of the 

48-kDa pro-caspase-2, and stable expression of caspase-2 antisense 

RNA inhibits apoptosis induced by serum deprivation. In addition, 

overexpression of bcl-2 , which prevents this death process, 

also inhibits the processing of pro-caspase-2, suggesting that bcl- 

2 acts upstream of pro-caspase-2 activation. 
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Role for Bcl-xL in delayed eosinophil apoptosis mediated by 
granulocyte-macrophage colony-stimulating factor and interleukin-5 . 
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Eosinophils are potent inflammatory cells involved in allergic reactions. 
Inhibition of apoptosis of purified eosinophils by certain cytokines has 
been previously shown to be an important mechanism causing tissue 
eosinophilia. To elucidate the role of Bcl-2 family members in 
the inhibition of eosinophil apoptosis, we examined the expression of the 
known anti-apoptotic genes Bcl-2, Bcl-xL, and Al, as well as 
Bax and Bcl-xS, which promote apoptosis in other systems. We show herein 
that freshly isolated human eosinophils express significant amounts of 
Bcl-xL and Bax, but only little or no Bcl-2, Bcl-xS, or Al . As 
assessed by reverse transcription-polymerase chain reaction, 
immunoblotting, flow cytometry, and immunocyt ©chemistry, we show that 
spontaneous eosinophil apoptosis is associated with a decrease in Bcl-xL 
mRNA and protein levels. In contrast, stimulation of the cells with 
granulocyte-macrophage colony-stimulating factor (GM-CSF) or interleukin-5 
(IL-5) results in maintenance or upregulation of Bcl-xL mRNA and protein 
levels. Moreover, Bcl-2 protein is not induced by GM-CSF or 
IL-5 in purified eosinophils. Bcl-2 protein is also not 
expressed in tissue eosinophils as assessed by immunohistochemistry using 
two different eosinophilic tissue models. Furthermore, Bcl-xL 
antisense but not scrambled phosphorothioate oligodeoxynucleotides 
can partially block the cytokine-mediated rescue of apoptotic death in 
these cells. These data suggest that Bcl-xL acts as an anti-apoptotic 
molecule in eosinophils. Copyright 1998 by The American Society of 
Hematology. 
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Bax inhibitor-1, a mammalian apoptosis suppressor identified by 
functional screening in yeast. 
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The mammalian proapo^ptic protein Bax confers a letS| phenotype when 
expressed in yeast. exploiting this phenotype, weTave identified a 

novel human Bax inhibitor, BI-1. BI-1 is an evolutionarily conserved 
integral membrane protein containing multiple membrane-spanning segments 
and is predominantly localized to intracellular membranes, similar to 
Bcl-2 family proteins. Moreover, BI-1 can interact with 
Bcl-2 and Bcl-XL but Bax or Bak, as demonstrated by in vivo 
cross-linking and coimmunoprecipitation studies. When overexpressed in 
mammalian cells, BI-1 suppressed apoptosis included by Bax, etoposide, 
staurosporine, and growth factor deprivation, but not by Fas (CD95) . 
Conversely, BI-1 antisense induced apoptosis. BI-1 thus represents a 
new type of regulator of cell death pathways controlled by Bcl- 
2 and Bax. 
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Arginine butyrate downregulates p210 bcr-abl expression and induces 
apoptosis in chronic myelogenous leukemia cells. 
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Downregulation of bcr-abl expression in the chronic myelogenous leukemia 
cell line K562 using antisense oligonucleotides has been shown to 
enhance the sensitivity of the cells to apoptotic stimuli, suggesting that 
p210 bcr-abl, like bcl-2 functions as an anti-apoptosis factor 
(McGahon A et al, Blood 1994, 83: 1179). In these experiments, the 
inhibition of p210 bcr-abl expression alone was not sufficient to induce 
apoptosis. We demonstrated that exposure to low doses (0.5 mM) of a butyric 
acid analog, arginine butyrate, was capable of inducing apoptosis in 
selected leukemia cell lines, including K562 cells, and in fresh leukemia 
cells from patients with chronic myelogenous leukemia. To further explore 
the mechanisms of this effect, we examined expression of p210 bcr-abl after 
butyrate exposure and found a dose-related inhibition of p210 bcr-abl 
protein without concordant change in other phosphoproteins, including the 
JAK-1 kinase. Further analysis revealed that the inhibition of bcr-abl 
expression occurs due to transcriptional regulation of the bcr-abl gene by 
arginine butyrate. These results suggest that arginine butyrate and other 
butyrate analogs alone or in combination may be useful in the therapy of 
patients with chronic myelogenous leukemia or bcr-abl expressing acute 
leukemias . 
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We used synthetic RNA transcripts to prove the cleavage capability of 



ribozymes targeted a^^nst bcl-2 -related RNAs . No^ 

cleavage occurred when^Bontrol oligonucliotides were i^B- To assess the 

functional role of the^specific ribozymes in chronic^ltyelogenous 

leukemia (CML) cell lines we cultured K562, BV173, and Daudi cells for 48 h 
after lipofection with 10 microM oligonucleotide. An increase in apoptotic 
cells, dependent on ribozyme specificity, was shown in BV173 
cells. This finding was underlined by the typical morphological changes, but 
there is no correlation with regard to the level of bcl-2 
protein expressed. Though bcl-2 appears to interfere with cell 
death in myeloid cells, bcl-2-targeted ribozymes do not 
induce programmed cell death (PCD) by reducing bcl-2 protein 
levels, but rather by a presently unknown mechanism. 
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Antisense c-myc retroviral vector suppresses established human 
prostate cancer. 
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Prostate cancer eventually becomes androgen resistant, resumes growth, 
and kills the patient. Characterization of genetic events that lead to 
androgen refractory prostatic neoplasia has revealed the frequent 
overexpression of c-myc and uncontrolled prostate cancer proliferation. A 
novel strategy to combat advanced prostate cancer utilized a replication 
incompetent retrovirus that contained the mouse mammary tumor virus (MMTV) 
promoter within the retroviral vector to allow transcription of 
antisense c-myc gene within target prostate tumor cells. The 
transduction of cultured DU145 cells by XM6 : MMTV- antisense c-myc RNA 
retrovirus did not affect cell proliferation in culture, yet a single 
direct injection of MMTV-antisense c-myc viral media into established 
DU145 tumors in nude mice produced a 94.5% reduction in tumor size compared 
to tumors treated with control virus MTMV sense fos and untreated tumor by 
7 0 days. Two animals in the antisense c-myc-treated group had 
complete regression of their tumors. Histopathological examination of the 
tumors revealed that MMTV-antisense c-myc-transduced DU145 tumors had 
increased tumor cell differentiation, decreased invasion, and a marked 
stromal response. The mechanism for the antitumor effect of MMTV- 
antisense c-myc retrovirus appears to be suppression of c-myc mRNA 
and protein, and decreased bcl-2 protein. The in vivo 
transduction of prostate cancer cells with MMTV-antisense c-myc 
retroviruses reduced tumor growth by suppressing c-myc, resulting in the 
down-regulation of bcl-2 protein. Consequently, the MMTV- 
antisense c-myc retrovirus may be useful for gene therapy against 
advanced, hormone-refractory prostate cancer. 
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Loss of butyrate-induced apoptosis in human hepatoma cell lines HCC-M and 
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We have demonstrated that sodium butyrate induces differentiation in 
human hepatoma cells; however, recent studies have shown that this agent 
causes apoptosis in some types of cancer cells. In this study, we examined 
whether sodium butyrate causes apoptosis in the human hepatoma cell lines, 
HCC-M and HCC-T. The growth of human hepatoma cells was dose-dependently 
reduced by sodium butyrate. Flow cytometric analysis showed cell-cycle 
arrest at the Gl phase in the sodium butyrate-treated cells. Apoptotic 
change was never found in treated cells at concentration levels of less 
than 5 mmol/L. Sodium butyrate decreased p53 expression and increased 
p21WAF-l expression in HCC-T and HCC-M cells having the wild-type p53 gene. 
Western blot analysis showed that Bcl-2 was expressed in the 
HCC-T and HCC-M cells, and its expression was increased after exposure to 
sodium butyrate. Antisense oligodeoxynucleotide against bcl- 
2 easily caused apoptosis. These results indicate that sodium 
butyrate hardly induces apoptotic change in the human hepatoma cell lines, 
HCC-T and HCC-M, with the increase of Bcl-2 expression. 
Cell-cycle arrest in the Gl phase caused by sodium butyrate was suggested 
to be induced by the increase in p21WAF-l expression, but this change did 
not link with the p53 increase. 
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Two Hep G2 subclones overexpressing CYP2E1 were established with the use 
of trans fee tion and limited dilution screening techniques . The Hep 
G2-CI2E1-43 and -47 (E47) cells (transduced Hep G2 subclones that 
overexpress CYP2E1) grew at a slower rate than parental Hep G2 cells or 
control subclones that do not express CYP2E1, but remained fully viable. 
When GSH synthesis was inhibited by treatment with buthionine sulfoximine, 
GSH levels rapidly declined in E47 cells but not control cells, which is 
most likely a reflection of CYP2El-catalyzed formation of reactive oxygen 
species . Under these conditions of GSH depletion, cytotoxicity and 
apoptosis were found only with the E47 cells. Low levels of lipid 



peroxidation were foun^^Ln the E47 cells, which becaj^^nriore pronounced 
after GSH depletion. antioxidants vitamin E, vi^^in C, or trolox 

prevented the lipid peroxidation as well as the cytotoxicity and apoptosis, 
as did transfection with plasmid containing antisense CYP2E1 or 
overexpression of Bcl-2 . Levels of ATP were lower in E47 cells 
because of damage to mitochondrial complex I. When GSH was depleted, oxygen 
uptake was markedly decreased with all substrates in the E47 extracts. 
Vitamin E completely prevented the decrease in oxygen uptake. Under 
conditions of CYP2E1 overexpression, two modes of CYP2El-dependent toxicity 
can be observed in Hep G2 cells: a slower growth rate when cellular GSH 
levels are maintained and a loss of cellular viability when cellular GSH 
levels are depleted. Elevated lipid peroxidation plays an important role in 
the CYP2El-dependent toxicity and apoptosis. This direct toxicity of 
overexpressed CYP2E1 may reflect the ability of this enzyme to generate 
reactive oxygen species even in the absence of added metabolic substrate. 
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Bcr - Abl is the molecule responsible for both the transformation 
phenotype and the resistance to chemotherapeutic drugs found in chronic 
myelogenous leukemia (CML) cells. Wild-type HL-60, a transformed 
pro-myelocytic cell line, is very susceptible to apoptosis-inducing agents. 
We show here that expression of Bcr - Abl in HL-60 cells rendered them 
extremely resistant to apoptosis induced by a wide variety of agents. The 
anti-apoptotic effect of Bcr - Abl was found to be independent of the phase 
of the cell cycle. Treatment with antisense oligonucleotides directed 
to bcr decreased the expression of the ectopic bcr - abl and restored 
susceptibility to apoptosis . Double mutations affecting the 
autophosphorylation site and the phosphotyrosine-binding motif (FLVRES) 
have been previously shown to impair the transforming activity of Bcr - Abl 
in fibroblasts and hematopoietic cells, however HL-60 cells expressing this 
double mutant molecule exhibited the same level of resistance to apoptosis 
as those expressing the wild-type Bcr - Abl. Interestingly, wild type and 
mutant Bcr - Abl induced in HL-60 cells a dramatic down regulation of 
Bcl-2 and increased the levels of Bcl-xL. The level of Bax did 
not change in response to the presence of Bcr - Abl. Antisense 
oligonucleotides targeted to bcl-x downregulated the expression of Bcl-x, 
and increased the susceptibility of HL-60. Bcr - Abl cells to 
staurosporine . Importantly, HL-60 cells overexpressing Bcl-xL showed higher 
expression of Bcl-xL but lower resistance to apoptosis when compared to 
HL-60. Bcr - Abl cells. The results described here show that Bcr - Abl is a 
powerful mammalian anti-apoptotic molecule and can act independently of 
Bcl-2 . Bcl-xL, however, seems to participate in part in Bcr - 
Abl-mediated resistance to apoptosis in HL-60 cells. 
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The binding properties and biological activities of Bcl-2 and 
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The oncogene product Bcl-2 protects cells from apoptosis 
whereas its homolog Bax functions to kill cells. Several binding partners 
of Bcl-2 and Bax have been isolated, but none of them has yet 
provided clues as to exactly how Bcl-2 and Bax work. According 
to one view, Bcl-2 and Bax interact with survival and death 
effector molecules, respectively, and neutralize each other through 
heterodimerization. Alternatively, Bcl-2 requires Bax for death 
protection, and additional proteins bind to the heterodimer to regulate its 
activity. Here we used a co-immunoprecipitation strategy to distinguish 
between these two possibilities. We show that the Bcl-2-Bax 
heterodimer is maintained, and no other protein associates stably in 
detectable amounts with Bcl-2, Bax, or the heterodimer in anti- 
Bcl-2 and anti-Bax immunoprecipitates from normal cells and 
cells exposed to apoptotic stimuli. Analysis of cells expressing various 
levels of Bcl-2 and Bax, however, revealed that the degree of 
protection against apoptosis does not correlate with the number of 
Bcl-2-Bax heterodimers but the amount of Bcl-2 that 
is free of Bax. In addition, the survival activity of Bcl-2 is 
unaffected when Bax expression is ablated by an antisense strategy. 
Our findings suggest that the Bcl-2 -Bax heterodimer is a 
negative regulator of death protection, and that Bcl-2 requires 
neither Bax nor major, stable interactions with other cellular proteins to 
exert its survival function. We therefore propose that Bcl-2 
acts as an enzyme (capturing substrates in a transient way), as a homodi- 
or multimer, or through the interaction with non-proteaceous targets 
(lipids, ions) . 
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Hormonally insensitive prostate cancer is a relatively slow-growing, but 
usually fatal, disease with no long-term treatment options. Transformation 
of normal prostate cells to a malignant phenotype often involves corruption 
of the apoptotic machineries. Bcl-2 protein is one of the key 
inhibitors of apoptosis and is often unregulated in advanced prostate 
cancer. The prostate cancer cell line DU-145 was used as a model of a 
hormonally insensitive, advanced prostate cancer. Cell growth in liquid 
culture was significantly inhibited by antisense Bcl-2 

oligonucleotides compared with control sense oligonucleotides; inhibition 
by these oligonucleotides was significantly enhanced on combination with 
the synthetic retinoid N- (2-hydroxyphenyl ) all-trans-retinamide (2-HPR) . 



Interestingly, growth ^^.bition occurred in the absen^fcpf apoptosis as 
measured using two asWy techniques. We hypothesizWPbhat in these 
recalcitrant cells the apoptotic pathway is compromised at several levels, 
and Bcl-2 may play another role in promoting cell growth. The 
use of Bcl-2 antisense oligonucleotides plus 2-HPR may 

provide a novel approach to therapy of hormone-resistant prostate cancer. 
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BACKGROUND: High grade gliomas represent very aggressive and lethal forms 
of human cancer, which often exhibit recurrence after surgical intervention 
and resistance to conventional chemotherapeutic and radiologic treatment. 
The clinically approved antihypertensive agent sodium nitroprusside (SNP) 
has been shown to induce cytotoxicity toward a number of carcinoma cell 
lines in vitro. METHODS: Three human glioma cell lines were examined for 
susceptibility to the cytotoxic effects of SNP. The role of the protein 
kinase C (PKC) alpha gene in mediating resistance to SNP-induced killing in 
U343 cells was investigated using antisense oligonucleotide 
inhibition. Stable transfection and overexpression of the PKCalpha gene in 
the SNP-susceptible cell line U251 was performed to further implicate 
PKCalpha as a mediating factor in SNP cytotoxicity. In addition, the 
presence of bcl-2 protein in these cells was examined for 
possible correlation (s) with resistance to SNP. RESULTS: Exposure of U251 
cells and LN-Z308 cells to 0.5 mM SNP resulted in significant cytotoxicity 
over a 72-hour period. U343 cells were resistant to SNP killing. U343 cells 
were shown to exhibit higher basal levels of PKCalpha and bcl-2 
than either U251 or LN-Z308 cells, bcl-2 expression and 
resistance to SNP toxicity both were decreased by the introduction of 
PKCalpha antisense oligonucleotides into U343 cells. Conversely, 
enhanced PKC activity in PKCalpha-transf ected U251 clones was associated 
with increased bcl-2 expression and greater resistance to 
SNP-induced toxicity relative to control transf ected cells. CONCLUSIONS: 
SNP can induce cytotoxicity in glioma cells. The susceptibility of these 
glioma cells to nitroprusside-induced killing appears to be correlated 
inversely with bcl-2 and PKC activity, bcl-2 levels 

in these cells can be altered through modulation of PKC signaling, 
specifically, by induction or inhibition of PKCalpha. These in vitro 
results provide an interesting basis for further study into the potential 
use of SNP for treatment of human gliomas in patients receiving combination 
therapy with conventional chemotherapeutic agents that exhibit PKC 
inhibitory activity. 
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The HIV-1 vpr protein acts as a negative regulator of apoptosis in a 
human lymphoblastoid T cell line: possible implications for the 
pathogenesis of AIDS. 
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Although apoptosis is considered one of the major mechanisms of CD4(+) T 
cell depletion in HIV-infected patients, the virus-infected cells somehow 
appear to be protected from apoptosis, which generally occurs in bystander 
cells. Vpr is an auxiliary HIV-1 protein, which, unlike the other 
regulatory gene products, is present at high copy number in virus 
particles. We established stable transf ectants of CD4+ T Jurkat cells 
constitutively expressing low levels of vpr. These clones exhibited cell 
cycle characteristics similar to those of control-transf ected cells. 
Treatment of control clones with apoptotic stimuli (i.e., 
cycloheximide/tumor necrosis factor alpha (TNF-alpha) , anti-Fas antibody, 
or serum starvation) resulted in a massive cell death by apoptosis. In 
contrast, all the vpr-expressing clones showed an impressive protection 
from apoptosis independently of the inducer. Notably, vpr antisense 
phosphorothioate oligodeoxynucleotides render vpr-expressing cells as 
susceptible to apoptosis induced by cycloheximide and TNF-alpha as the 
control clones. Moreover, the constitutive expression of HIV-1 vpr resulted 
in the upregulation of bcl-2 , an oncogene endowed with 
antiapoptotic activities, and in the downmodulation of bax, a proapoptotic 
factor of the bcl-2 family. Altogether, these results suggest 
that low levels of the endogenous vpr protein can interfere with the 
physiological turnover of T lymphocytes at early stages of virus infection, 
thus facilitating HIV persistence and, subsequently, viral spread. This 
might explain why apoptosis mostly occurs in bystander uninfected cells in 
AIDS patients. 
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The mechanism by which tumor necrosis factor (TNF) induces death of 
cancer cells appears to involve the activation of cytosolic phospholipase 
A2 (CPLA2). U937 human leukemic cells treated with 1, 2 5-dihydroxyvitamin D3 
[1, 25 (OH) 2D3; 10 (-8) M] become resistant to TNF, an effect that is 
independent of cell cycle status and expression of TNF receptors or 
BCL-2 . In this study, TNF produced a dose- and time-dependent 
enhancement of [ 3H] arachidonic acid release in U937 cells. The amount of 
[3H] arachidonic acid release was positively associated with TNF-induced 
apoptosis. Both immunofluorescence microscopy and Western blotting of cell 
subcompartments demonstrated translocation of cPLA2 from the cytosol to the 
cell membrane in response to TNF. In addition, TNF up-regulated expression 
of cPLA2 mRNA. An antisense oligonucleotide to cPLA2 and the cPLA2 
inhibitor 4-bromophenacyl bromide significantly inhibited TNF-induced 
cytotoxicity. Prior incubation of cells with l,25(OH)2D3 significantly 
inhibited (a) TNF-induced [3H] arachidonic acid release and apoptosis, (b) 
TNF-induced translocation of cPLA2 to the membrane, and (c) the 



up-regulation of cPLA2 with TNF. Furthermore, the ir^^itory effect of 

l,25(OH)2D3 was not reve^red by inhibitors of transcripti^^or translation. 
The data suggest that activation of CPLA2 is involved in TNF-induced 
apoptosis of leukemic cells. l,25(OH)2D3 directly inhibits cPLA2 
translocation and mRNA up-regulation induced by TNF. Disruption of cPLA2 
activation may represent a possible mechanism whereby leukemic cells can 
become resistant to TNF-mediated killing. 
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Malignant melanoma is a prime example of cancers that respond poorly to 
various treatment modalities including chemotherapy. A number of 
chemotherapeutic agents have been shown recently to act by inducing 
apoptosis, a type of cell death antagonized by the bcl-2 gene. 
Human melanoma expresses Bcl-2 in up to 90% of all cases. In 
the present study we demonstrate that bcl-2 antisense 

oligonucleotide treatment improves the chemosensitivity of human melanoma 
grown in severe combined immunodef icient (SCID) mice. Our findings suggest 
that reduction of Bcl-2 in melanoma, and possibly also in a 
variety of other tumors, may be a novel and rational approach to improve 
chemosensitivity and treatment outcome. 
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We postulated that activation of a genetic program that tonically 
inhibits intimal cell death is a necessary condition for the pathogenesis 
of vascular disease. Studies of vascular lesions in humans and animal 
models documented increased expression of the anti-apoptotic gene product 
Bcl-xL within intimal cells. Downregulation of intimal cell bcl-xL 
expression with the use of antisense oligonucleotides induced 
apoptosis and acute regression of vascular lesions. These findings indicate 
that apoptosis regulatory genes such as bcl-xL are critical determinants of 
intimal lesion formation and that targeted apoptosis may be a novel therapy 
for intimal vascular disease. 
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About 10% of gastric carcinomas including lymphoepithelioma-like 
carcinoma and adenocarcinoma are associated with Epstein-Barr virus (EBV) 
infection. In EBV-associated gastric carcinomas, the tumor cells express 
Epstein-Barr nuclear antigen 1 (EBNA-1) but not EBNA-2, -3A, -3B, or -3C, 
leader protein, or latent membrane proteins (LMPs) because of gene 
methylation. Only a few exceptional cases have LMP1 expression in tumor 
cells as demonstrated by immunohistochemical studies. To elucidate the 
biological effects of LMP1 and the significance of its restricted 
expression in EBV-associated gastric carcinomas, the LMP1 gene was 
transferred into EBV-negative gastric carcinoma cell lines (SCM1 and TMC1) 
and into EBV-negative nasopharyngeal carcinoma (NPC) cells (HONE-1) as a 
control. The biological effects of LMP1 in gastric carcinoma cells were 
monitored in vitro and in vivo. These results showed that the consequence 
of LMP1 expression is a growth enhancement in NPC cells, but it is a growth 
suppression in gastric carcinoma cells. The LMPl-expressing gastric 
carcinoma cells had a reduced growth rate, colony- forming efficiency, mean 
colony size, and tumorigenicity and a lower malignant cytological grade. 
The reduced growth rate, colony-forming efficiency, and mean colony size 
were partially reversible in vitro with treatment with LMP1 antisense 
oligonucleotide. In addition, enhanced apoptosis was found in the 
LMPl-expressing gastric carcinoma cells. This suggests that LMP1 may 
negatively modulate the malignant potential of gastric carcinoma cells via 
an enhancement of apoptosis. We concluded that the restriction of LMP1 
expression in EBV-associated gastric carcinomas may lead to a growth 
advantage for tumor cells by avoiding LMP1 apoptotic effects and 
immunologically mediated elimination. 
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This study was designed to assess the efficacy of a new antimelanoma 
therapeutic strategy that relies on the use of a c-myc antisense 
15-mer phosphorothioate oligodeoxynucleotide ([S]ODN), in combination with 
cisplatin (cis-diamminedichloroplatinum; DDP) , which is currently used in 
the clinical management of melanoma patients. Proliferation and colony 
formation of melanoma cells were both inhibited by the DDP/c-myc 
antisense [S]ODN combination to a greater extent than that observed 
with either agent alone. Inhibition was most effective when DDP was 
followed by c-myc antisense [S]ODNs. Cell cycle flow cytometric 
analysis of cells exposed to the two agents either alone or in combination 
demonstrated that (a) c-myc antisense [S]ODNs induced an accumulation 



of cells in S phase and j^ptosis in a fraction of the ceJj*, detectable at 
day 5 after the begj^ng of treatment; (b) DDP induc«a block in G2-M 
phase detectable at day 1, which was partially recoveW, and apoptosis 
similar in extent to that induced by c-myc antisense [S]ODNs; and (c) 
DDP and c-myc antisense [S]ODNs together induced arrest in G2-M 
phase, which was maximum at day 3, i.e., delayed as compared to the block 
induced by DDP. The combination induced a higher percentage of apoptosis, 
evident at day 3 from the start of treatment, that correlated with a marked 
reduction in Bcl-2 expression. Mice bearing human melanoma 
xenografts and treated sequentially with DDP and c-myc antisense 
[S]ODNs showed a higher inhibition of tumor growth, reduction in the number 
of lung metastases, and increase in life span compared with those treated 
with either agent alone. Together, these data lend support to the 
development of anticancer therapies involving oncogene-targeted 
antisense ODNs and conventional antineoplastic drugs. 
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BACKGROUND: Several lines of evidence strongly implicate a crucial role 
for the apoptosis suppressing bcl-2 oncogene in the genesis of 
hormone-refractory human prostate cancer. By efficiently destroying the 
intracellular bcl-2 mRNA, one might be able to make the 
prostate cancer cell responsive again to conventional apoptotic stimuli 
such as androgen withdrawal. To achieve this end, we have devised a 
catalytic antisense RNA strategy (Ribozyme) for bcl- 
2 and evaluated its gene therapeutic potential. METHODS AND RESULTS: 
Bcl-2 overexpressing LNCaP prostatic carcinoma cells (LNCaP/ 
bcl-2) were transfected with the anti-bcl-2 

ribozyme RNA using a polyamine-based transfection reagent and the 
reduction in the intracellular bcl-2 mRNA levels was followed 
by a ribonuclease protection assay. Using a cell viability assay, prior 
ribozyme transfection and subsequent application of apoptotic stimuli 
such as serum starvation or phorbol ester treatment caused a 30% increase 
in cell death by apoptosis than with these apoptotic stimuli alone. 
CONCLUSIONS: The results obtained strongly support the ability of a 
potential anti-bcl-2 ribozyme therapy to synergize with 

other agents in inducing apoptosis of hormone-resistant human prostate 
cancer cells. 
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OBJECTIVES: To determine if induction of heat shock protein 70 (HSP 70), 
a stress protein that plays a cytoprotective role and inhibits cell death 
in response to various stimuli, will protect thymocytes and T-cell clones 
from radiation-induced apoptosis, and to define the mechanism of such 
protection. DESIGN: Thymocytes from BALB/c mice or T-lymphocyte clones were 
incubated at 43 degrees C for 1 hour to induce HSP 70, then irradiated. 
Control cells were irradiated but not heated. Fragmentation of DNA was 
quantitated, and p53, bax, and bcl-2 expression was analyzed at 
various times by the Western blot method. RESULTS: Only heated cells 
expressed HSP 70. The induction of HSP 70 increased basal apoptosis but 
significantly decreased radiation-induced apoptosis. Furthermore, 
introduction of an HSP 70 antisense oligomer prior to heating 
reversed the protective effect of HSP 70. Induction of HSP 70 in T-cell 
clones with sodium arsenite had a similar protective effect against 
radiation-induced apoptosis. Irradiation induced p53 and markedly 
up-regulated bax. The expression of p53 peaked at 4 hours and preceded 
maximal bax induction. Induction of HSP 70 prior to irradiation suppressed 
p53 and significantly decreased bax levels. Levels of bcl-2 
were unaffected. CONCLUSIONS: Our data show that HSP 70 induction protects 
thymocytes from radiation-induced apoptosis by down-regulating p53 and bax 
expression. The induction of HSP 70 may represent a novel mechanism by 
which the immunosuppressive effects and the associated infectious 
complications of radiation therapy can be minimized. 
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An in vitro system has been employed to study the apoptotic mechanisms in 
the AK-5 tumor which is a spontaneously regressing rat histiocytoma. 
Cytosolic extracts of tumor cells primed for apoptosis using dexamethasone 
and immune serum from tumor- regressing animals were able to induce 
apoptosis in intact nuclei and reproduce the classical morphological and 
biochemical features typical of apoptotic cells. The cleavage of lamin A 
and PARP to signature fragments by these extracts and the inhibition of the 
same using peptide inhibitors signify the pivotal role of ICE and 
ICE-related proteases in apoptosis. Lamin A cleavage was insensitive to 
YVAD but PARP cleavage was blocked by both YVAD and DEVD. Cell extracts 
derived from cells overexpressing the Bcl-2 gene and Nedd-2 
antisense gene, respectively, failed to induce apoptosis in 
exogenously added nuclei, suggesting that Bcl-2 gene product is 
downregulating a key event in apoptotic cascade. The study also 
demonstrates the coherent action of different ICE-related proteases in 
apoptosis and their functional redundancy. This system may prove useful for 
analyzing complex molecular mechanisms underlying apoptosis in tumor cells. 



3/3,AB/49 (Item 49 from file: 155) 

DIALOG (R) File 155 : MEDLINE (R ) 

(c) format only 2000 Dialog Corporation. All rts. reserv. 



09320706 



98051053 
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We define a novel Bcl-x isoform, Bcl-x gamma, that is generated by 
alternative splicing and characterized by a unique 47 amino acid 
C-terminus. Bcl-x gamma is expressed primarily in thymocytes, where it may 
depend on an interaction between the TCR and host MHC products, and in 
mature T cells, where its expression is associated with ligation of the T 
cell receptor. Overexpression of Bcl-x gamma in T cells inhibits 
activation-induced apoptosis; inhibition of Bcl-x gamma, after stable 
expression of Bcl-x gamma antisense cDNA, enhances activation-induced 
apoptosis. In contrast to other Bcl-x isoforms, cells that fail to express 
Bcl-x gamma after CD3 ligation undergo programmed cell death, while 
activated T cells that express Bcl-x gamma are spared. Identification of 
Bcl-x gamma helps provide a molecular explanation of T cell activation and 
death after antigen engagement. 
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Thrombopoietin upregulates the promoter conformation of p53 in a 
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Bax: potential mechanisms for survival enhancing effects. 
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Thrombopoietin (Tpo) has proliferative and maturational effects on 
immature and more committed cells, respectively. We previously reported a 
role for Tpo as a survival factor in the factor-dependent human cell line 
M07e by demonstrating that Tpo suppresses apoptosis in the absence of 
induced proliferation. Wild-type p53 is a tumor suppressor gene that can 
play a vital role in mediating growth factor withdrawal-induced apoptosis 
in factor-dependent hematopoietic cells. Wild-type p53 can switch from a 
suppressor conformation, with an antiproliferative, pro-apoptotic 
phenotype, to a promoter conformation that has a diminished ability to 
mediate cell cycle arrest and apoptosis. In an effort to elucidate the 
mechanisms through which Tpo suppresses apoptosis, we investigated the 
effects of Tpo treatment on p53-mediated apoptosis in M07e cells. Tpo 
upregulated the expression of the promoter conformation of p53 in M07e 
cells coincident with a downregulation of Bax and Mdm2 protein levels. 
Protein levels of Bcl-2 and Bcl-xL did not significantly vary 
as a function of growth- factor stimulation. Conversely, the levels of 
suppressor conformation p53 were maximal when M07e was in a growth arrested 
state and decreased during factor stimulation. Furthermore, Tpo treatment 
induced an extranuclear buildup and greatly weakened the DNA binding 
capacity of p53. p53-specific antisense oligonucleotide treatment 
recapitulated the effects of Tpo treatment on the levels of Bax, Mdm-2, and 



Bcl-2 . These results ^^ggest that Tpo is suppressing ^fcwth 
factor withdrawal induced-apoptosis, at least in part, downregulating 
the expression of pro-apoptotic Bax protein levels, through modulating the 
conformation of p53, which results in a functional inactivation of its 
pro-apoptotic abilities. 
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Both alpha-amino-3-hydroxy-5-methylisoxazole-4-propionic acid (AMPA) 
receptor-mediated neurotoxicity and the induction of death-regulatory genes 
have been implicated in the pathophysiology of delayed ischemic neuronal 
injury. To assess the role of the antiapoptotic gene Bcl-2 in 
the modulation of AMPA toxicity, we exposed neuron-enriched cultures from 
rat cerebral cortex to AMPA, in the absence or presence of an 
antisense oligodeoxynucleotide (ODN) directed against Bcl- 
2 . AMPA produced concentration-dependent toxicity detected by a 
decrease in fluorescence of the redox indicator Alamar blue and by an 
increase in lactic acid dehydrogenase release. This effect was accompanied 
by the induction of Bcl-2 protein expression, with maximal 
induction at 100 microM AMPA. A phosphorothioate antisense ODN 
against Bcl-2 reduced the AMPA- stimulated induction of 
Bcl-2 protein levels, detected by western blotting, by about 
70%. In the presence of the antisense ODN, but not sense or scrambled 
ODNs, the toxicity of 100 microM AMPA was increased by about 60%. These 
findings suggest that induction of Bcl-2 expression by AMPA may 
have a protective role to limit AMPA receptor-mediated neuronal damage and 
that modifying Bcl-2 expression could have therapeutic 
potential in ischemia. 
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The rat pheochromocytoma cell line PC12 is useful for studying neuronal 
cell differentiation since this cell line differentiates into neuron-like 
cells in response to nerve growth factor (NGF) . We demonstrated that PC12h 
cells, a subclone of PC12 cells, died under hyperoxia (50% 02). This cell 
death did not occur in the presence of antioxidant reagents. In the dead 



cells, DNA fragmentd^Pn and chromatin condensatic^^were observed, 
suggesting that hyperox^-induced apoptosis via reactM oxygen species 
(ROS) . NGF effectively suppressed this hyperoxia-induced apoptosis. 
Accordingly, the amounts of bcl-2, a proto-oncogene product, 
increased in the cells rescued from apoptosis by NGF. Furthermore, 
bcl-2 antisense oligonucleotide canceled this rescuing 

effect of NGF. The present findings indicate that NGF rescues PC12h cells 
from hyperoxia-induced apoptosis via up-regulation of bcl-2. 
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Down's syndrome (DS) patient brains are known to develop prematurely the 
same degenerative changes as those seen in Alzheimer's disease (AD). On the 
assumption that the apoptotic mechanism is involved in the neuronal loss in 
DS, we have investigated the expression of the bcl-2 gene 
family in DS brains and found marked alterations. The most prominent 
changes were in the temporal lobes where neuronal loss was greatest. Our 
findings suggest that a apoptotic process is involved in the neuronal loss 
in DS. 



3/3,AB/54 (Item 54 from file: 155) 

DIALOG(R) File 155 : MEDLINE (R) 

(c) format only 2000 Dialog Corporation. All rts. reserv. 

09298320 98021579 

Antisense therapy for lymphomas . 
Cotter FE 

Molecular Haematology Unit, Institute of Child Health, London, U.K. 
Hematological oncology (ENGLAND) Feb 1997, 15 (1) p3-ll, ISSN 
0278-0232 Journal Code: GB2 
Languages : ENGLISH 

Document type: JOURNAL ARTICLE; REVIEW; REVIEW, TUTORIAL 
The potential ability of antisense oligonucleotides to downregulate 
the expression of oncogenes involved in lymphoma, with minimal toxicity can 
be achieved. The possibility of combining antisense therapy such as 
BCL-2 antisense with chemotherapy will probably provide 

an interesting means of overcoming tumour cell resistance to chemotherapy 
in lymphoma and a range of other high BCL-2 expressing 
malignancies. As additional antisense molecules targeting oncogenes 
involved in lymphomas become available, it will be possible to combine them 
with AO to enhance their efficacy, either targeting the same gene at two 
sites or more a combination of genes (for example, BCL-2 and 
MYC in Burkitt ! s lymphoma). Of major importance are approaches to improve 
AO uptake into cells which is currently poor. Methods to improve 
antisense uptake into the cell are required and in addition a new 
generation of oligonucleotides free of the nonspecific thioate toxicities 
are required. AO are a dramatic new area of research and as such require 
much evaluation if they are to be applied maximally. Both in vitro and in 
vivo efficacy has been established. With care, novel therapies based on the 
biology of the malignant cell may be determined on a scientific basis and 
may help improve the treatment of patients with these diseases. Gene 



silencing by an tisensd^Pligonucleo tides has a role play as 

demonstrated in lymphomas . 
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Extensive research has led to accumulation of common hereditary evidence 
concerning ovarian and breast cancer, suggesting that these two cancers can 
be considered as one type. Subsequently, women with breast cancer are 
susceptible to the risk of developing ovarian cancer. Highly expressed 
oncogenes such as bcl-2 , HER2/neu and others or mutated 
suppressor genes such as p53 or BRCA1 have been characterised as hereditary 
susceptibility genes leading to syndromes such as breast/ovarian cancer 
syndrome, Li-Fraumeni and others. Furthermore, these genetic alterations 
can cause potent chemoresistance by inhibiting induction of apoptosis after 
DNA damage caused by chemotherapy and/or radiotherapy. Presently, molecular 
onco-biology has enabled us not only to detect susceptibility to ovarian 
and breast cancer but also ways to inhibit their further progression or 
even circumventing chemoresistance mechanisms after their development by 
gene therapy using delivery vectors such as liposomes or viruses, by which 
we can replace wild-type tumour suppressor genes or by using antigene, 
antisense oligonucleotides and antisense RNA leading to reduced 
oncogene expression, enabling induction of apoptosis after DNA damage into 
chemoresistant tumour cells. Furthermore efflux-genes such as MDR-1 or MRP 
can be circumvented, suicide-genes can be employed which can facilitate 
sensitivity by encoding enzymes capable of converting inactive forms of a 
drug into toxic antimetabolites and immunotherapy can be achieved, by 
transfection of tumour cells with adenoviral vectors encoding 
immunomodulators such as IL-2 or MHC molecules. Thus, molecular biology 
appears to be a very strong element for the screening, diagnosis, therapy 
and prognosis of ovarian and breast cancer. However, consistent future 
research is greatly needed because many points concerning ovarian and 
breast cancer genetics are still unknown. Finally, we strongly believe that 
gene therapy could be extremely useful when is combined with conventional 
therapy against ovarian and breast tumours. 
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We examined the cellular and signaling mechanism of angiotensin II (Ang 



II) type 2 (AT2) recept^^Lnduced apoptosis in PC12W ( ra^Mheochromocytoma 

cell line) cells that express abundant AT 2 receptor but^Kt Ang II type 1 

receptor. In these cells, nerve growth factor (NGF) inhibited the 

internucleosomal DNA fragmentation induced by serum depletion, whereas Ang 

II antagonized this NGF cell survival action and induced apoptosis. We 

studied the mechanism of NGF and AT 2 receptor interaction on apoptosis by 

examining their effects on the survival factor Bcl-2 . AT 2 

receptor activation did affect intracellular Bcl-2 protein 

levels. Bcl-2 phosphorylation was stimulated by NGF, whereas 

AT 2 receptor activation blocked this NGF effect. Pretreatment with 

antisense oligonucleotide of mitogen-activated protein (MAP) kinase 

phosphatase-1 enhanced the effects of NGF on MAP kinase activation and 

Bcl-2 phosphorylation but attenuated the inhibitory effects of 

AT 2 receptor on MAP kinase, Bcl-2 phosphorylation, and 

apoptosis. Taken together, these results suggest that MAP kinase plays a 

critical role in inhibiting apoptosis by phosphorylating Bcl-2. 

The AT 2 receptor inhibits MAP kinase activation, resulting in the 

inactivation of Bcl-2 and the induction of apoptosis. 
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BACKGROUND: Overexpression of BCL-2 is common in non-Hodgkin 
lymphoma and leads to resistance to programmed cell death (apoptosis) and 
promotes tumorigenesis . Antisense oligonucleotides targeted at the 
open reading frame of the BCL-2 mRNA cause a specific 
down-regulation of BCL-2 expression which leads to increased 
apoptosis. Lymphoma grown in laboratory animals responds to BCL- 
2 antisense oligonucleotides with few toxic effects. We report 
the first study of BCL-2 antisense therapy in human 

beings. METHODS: A daily subcutaneous infusion of 18-base, fully 
phosporothioated antisense oligonucleotide was administered for 2 
weeks to nine patients who had BCL-2 -positive relapsed 
non-Hodgkin lymphoma. Toxicity was scored by the common toxicity criteria, 
and tumour response was assessed by computed tomography scan. Efficacy was 
also assessed by quantification of BCL-2 expression; BCL- 
2 protein levels were measured by flow cytometry in samples from 
patients. FINDINGS: During the course of the study, the daily dose of 
BCL-2 antisense was increased incrementally from 4.6 

mg/m2 to 73.6 mg/m2 . No treatment-related toxic effects occurred, apart 
from local inflammation at the infusion site. In two patients, computed 
tomography scans showed a reduction in tumour size (one minor, one complete 
response) . In two patients, the number of circulating lymphoma cells 
decreased during treatment. In four patients, serum concentrations of 
lactate dehydrogenase fell, and in two of these patients symptoms improved. 
We were able to measure BCL-2 levels by flow cytometry in the 
samples of five patients, two of whom had reduced levels of BCL- 
2 protein. INTERPRETATION: In patients with relapsing non-Hodgkin 
lymphoma, BCL-2 antisense therapy led to an improvement 

in symptoms, objective biochemical and radiological evidence of tumour 
response, and down-regulation of the BCL-2 protein in some 
patients. Our findings are encouraging and warrant further investigations 
of BCL-2 antisense therapy in cancer treatment . 



3/3,AB/58 (Item 58 from file: 155) 

DIALOG(R) File 155 : MEDLINE (R) 

(c) format only 2000 Dialog Corporation. All rts. reserv. 

09273566 97250532 

Mitogen-activated protein kinase-mediated Fas apoptotic signaling 

pathway. 

Goillot E ; Raingeaud J; Ranger A; Tepper RI; Davis RJ; Harlow E; Sanchez 

I 

Massachusetts General Hospital Cancer Center, Charlestown 02129, USA. 

Proceedings of the National Academy of Sciences of the United States of 
America (UNITED STATES) Apr 1 1997, 94 (7) p3302-7, ISSN 
0027-8424 Journal Code: PV3 

Languages : ENGLISH 

Document type: JOURNAL ARTICLE 

Ligation of the cell surface receptor Fas/APO-1 (CD95) by its specific 
ligand or by anti-Fas antibodies rapidly induces apoptosis in susceptible 
cells. To characterize the molecular events involved in Fas-induced 
apoptosis, we examined the contribution of two subgroups of the 
mitogen-activated protein (MAP) kinase family, the Jun kinases or 
stress-activated protein kinases (JNKs/SAPKs) and the extracellular 
signal-regulated kinases (ERKs ) , in a Fas-sensitive neuroblastoma cell 
line. Here we show that both JNK and ERK protein kinases were activated 
upon Fas crosslinking through a Ras-dependent mechanism. Interference with 
either the JNK or ERK pathway by ectopic expression of dominant-interfering 
mutant proteins blocked Fas-mediated apoptosis. ERK activation was 
transient and associated with induced expression of the Fas receptor. In 
contrast, JNK activation was sustained and correlated with the onset of 
apoptosis. These data indicate that the ERK and the JNK groups of MAP 
kinases cooperate in the induction of cell death by Fas. Inhibition of Fas 
killing by an interleukin lbeta-converting enzyme (ICE) -like protease 
inhibitor peptide did not modify Fas-induced JNK activation upon Fas 
ligation. In contrast, changes in Bcl-2 level due to expression 
of sense and antisense vectors influenced the sensitivity to Fas 
killing and Fas-induced JNK activation. 
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c-Myb, the cellular homologue of the transforming gene of the avian 
myeloblastosis virus, is preferentially expressed in all hematopoietic 
lineages, including T and B lymphocyte lineages. In T lymphocytes, c-Myb 
expression appears to be required for cell cycle progression and 
proliferation. To further investigate the role of c-Myb in T cell 
proliferation and survival, interleukin (IL) 2-dependent CTLL-2 cells were 
transfected with a constitutively active c-myb or with a c-myb 
antisense construct able to down-regulate endogenous Myb levels, and 
the transfectants were assessed for proliferation and survival in low 



concentrations of iL-^fand for susceptibility to dexjgethasone-induced 
apoptosis. Compared control cells, CTLL-2 cejB constitutxyely 

expressing c-Myb proliferate in low concentrations of^L-2 and are less 
susceptible to apoptosis induced by IL-2 deprivation or treatment with 
dexamethasone. In contrast, cells transfected with an antisense c-myb 
construct do not proliferate in low concentrations of IL-2 and undergo 
apoptosis upon IL-2 deprivation or dexamethasone treatment more rapidly 
than parental cells. Overexpression of c-Myb was accompanied by 
up-regulation of BCL-2 expression. In transient transfection 
assays, the murine bcl-2 promoter was efficiently 
transactivated by c-Myb, but such effect was observed also in cells 
transfected with a DNA binding-deficient c-myb construct. Moreover, in gel 
retardation assays, a 38-bp oligomer in the shortest bcl-2 
promoter segment regulated by c-Myb formed a specific complex with nuclear 
extracts from c-Myb-transf ected CTLL-2 cells. Thus, these results strongly 
suggest that c-Myb, in addition to regulating T cell proliferation, 
protects T lymphocytes from apoptosis by induction of BCL-2 
expression, which involves a c-Myb-dependent mechanism of promoter 
regulation. 
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1-beta-D-Arabinofuranosylcytosine (ara-C) stimulates the formation of 
both diglyceride and ceramide in the acute myelogenous leukemia cell line 
HL-60 (Strum, J. C, Small, G. W., Pauig, S. B., and Daniel, L. W. (1994) 
J. Biol. Chem 269, 15493-15497). ara-C also causes apoptosis in HL-60 cells 
which can be mimicked by exogenous ceramide. However, the signaling role 
for ara-C-induced diacylglycerol (DAG) is not defined. We found that 
Bcl-2 levels were increased by treatment of HL-60 cells with 
exogenous DAG or 12-0-tetradecanoylphorbol-13-acetate (TPA) . In contrast, 
exogenous ceramide treatment caused a decrease in cellular Bcl- 
2 levels. Thus, ara-C stimulates the synthesis of two second 
messengers with opposing effects on Bcl-2. Since the effects of 
ara-C-induced DAG could be due to protein kinase C (PKC) activation, we 
determined the effects of ara-C on PKC isozymes. ara-C caused an increase 
in membrane-bound PKCbetall (but not PKCalpha or PKCdelta) . ara-C or 
TPA-induced translocation of PKCbetall was inhibited by 

l-0-octadecyl-2-0-methyl-rac-glycero-3-phosphocholine (ET-18-OCH3) , and 
ara-C-induced apoptosis was stimulated by pretreatment of the cells with 
ET-18-OCH3. ET-18-OCH3 also inhibited stimulation of Bcl-2 by 
TPA and enhanced the decrease in Bcl-2 observed in 
ara-C-treated cells. These data indicate that ara-C-induced apoptosis is 
limited by ara-C-stimulated PKCbetall through effects on Bcl-2. 
To further determine the role of PKC, we used antisense 
oligonucleotides directed toward PKCbetall. The antisense, but not 
the sense, oligonucleotide inhibited PKCbetall activation and enhanced 
ara-C-induced apoptosis. These data demonstrate that the stimulation of 
apoptosis by ara-C is self-limiting and can be enhanced by inhibition of 
PKC. 
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Cholangiocarcinoma is a malignant neoplasm originating from 
cholangiocytes . The mechanisms responsible for oncogenesis of 
cholangiocytes are unknown. Resistance to apoptosis, especially by altered 
expression of B-cell lymphoma/ leukemia 2 (Bcl-2 ) family 
members, has been implicated as a mechanism contributing to malignant 
transformation. Thus, our aim was to test the hypothesis that altered 
expression of Bcl-2 family members by cholangiocarcinoma cells 
renders them resistant to apoptosis. We compared the apoptotic threshold 
and expression of the Bcl-2 protein family members, Bcl- 
2 , Bcl-XL, and Bax, in two human cell lines: 1) nonmalignant human 
cholangiocytes immortalized by transfection with the simian virus 40 (SV 
40) large T antigen; and 2) a malignant human cholangiocarcinoma cell line. 
Apoptosis was induced pharmacologically using beauvericin. Bcl- 
2 , Bcl-x long, and Bax protein expression were evaluated by 
immunoblot analysis, and Bcl-2 expression was modulated using 
antisense technology. The cholangiocyte and malignant /nonmaligant 
phenotype of both cell lines was verified using both in vitro and in vivo 
approaches. Beauvericin induced apoptosis of nonmalignant cholangiocytes in 
a concentration- (0 to 25 micromol/L) and time- (0 to 6 hours) dependent 
manner. In contrast, malignant cholangiocytes were resistant to apoptosis. 
Although expression of Bcl-x long and Bax protein were similiar in the two 
cell lines, Bcl-2 protein expression was 15-fold greater in 
malignant than in nonmalignant cholangiocytes. An 18 mer bcl-2 
antisense oligonucleotide reduced expression of Bcl-2 

protein by 50% and increased the rate of beauvericin-induced apoptosis more 
than threefold in the malignant cells. Our results support the hypothesis 
that resistance to apoptosis by overexpression of Bcl-2 may be 
a feature of cholangiocarcinoma. 
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BACKGROUND: The bcl-2 oncoprotein suppresses apoptosis and, 
when overexpressed in prostate cancer cells, makes these cells resistant to 



a variety of therapeu^te agents, including hormonal ab^tion. Therefore, 

bcl-2 provides a strat^Bc target for the development dBfene 

knockout therapies to ^xreat human prostate cancers. To^rcds this end, we 

have synthesized an anti-bcl-2 gene therapeutic reagent based 

on ribozyme technology and have tested its effectiveness against 

bcl-2 mRNA in vitro and in vivo. METHODS: A divalent hammerhead 

ribozyme was constructed by recombining two catalytic RNA domains 

into an antisense segment of the coding region for human bcl- 

2 mRNA. A disabled ribozyme lacking catalytic activity was also 

constructed as a control reagent for our experiments. The ribozymes 

were tested for endonucleolytic activity against synthetic and natural 
bcl-2 mRNAs. Simple transfection procedures were then utilized 
to introduce the ribozymes into cultured prostate cancer cells (LNCaP 
derivatives) . We measured the effects of the ribozymes on endogenous 
expression of bcl-2 mRNA and protein in these cells as well as 
their ability to induce apoptosis. RESULTS: The functional but not the 
disabled ribozyme was able to rapidly degrade bcl-2 mRNA 

in vitro, without the requirement for any other cellular protein or factor. 
When directly transfected into LNCaP cell variants, it significantly 
reduced bcl-2 mRNA and protein levels within 18 hr of 
treatment. This activity was sufficient to induce apoptosis in a low- 
bcl-2-expressing variant of LNCaP, but not in a high-bcl- 
2-expressing LNCaP line. For the high-bcl-2-expressing 

variant, however, it did restore the ability to genetically respond to a 
secondary apoptotic agent, phorbol ester, as evidenced by the renewed 
ability of phorbol ester to induce NGF1A mRNA in these cells. CONCLUSIONS: 
This study supports the potential utility of an anti-bcl-2 
ribozyme reagent for reducing or eliminating bcl-2 

expression from hormone-refractory prostate cancer cells and for killing 
prostate cancer cells. As such, it is the first step toward an effective 
gene therapy against hormone-refractory human prostate cancers. 
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We previously reported that gammadelta T cells mediate the expression of 
endogenous heat shock protein 65 (HSP65) in macrophages of mice with 
acquired resistance against infection with Toxoplasma gondii. We show here 
that HSP65 contributes to protective immunity by preventing apoptosis of 
infected macrophages. Macrophages of BALB/c mice, which readily acquired 
resistance to T. gondii infection with the low virulence Beverley strain, 
strongly expressed HSP65, and only a few of these macrophages underwent 
apoptosis. On the other hand, the BALB/c mice were susceptible to the 
infection with the high virulence RH strain of T. gondii; their macrophages 
did not express HSP65 and did undergo apoptosis . Mice depleted of 
gammadelta T cells using a mAb specific for TCR-gammadelta became highly 
susceptible to infection even with the Beverley strain. In these mice, 
HSP65 expression was markedly suppressed, and their infected macrophages 
died via apoptosis. Apoptosis was induced in cultured macrophages or 
macrophage cell lines after infection in vitro with the RH strain, whereas 
apoptosis was prevented when HSP65 was induced in these cells, before 



infection, by activati^^with IFN-gamma and TNF-alpha. ^fcjever, apoptosis 

associated with infecSR by T. gondii RH strain was W prevented when 
HSP65 synthesis was inhibited by introducing an antisense 
oligonucleotide for this protein into the cells before activation with 
IFN-gamma plus TNF-alpha. Thus, HSP65 appears to contribute to immunity by 
preventing the apoptosis of infected macrophages, and the high virulence 
Toxoplasma appears to have mechanisms that allow these organisms to evade 
the host defense system by interfering with HSP65 expression. 
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In most human follicular B cell lymphomas the bcl-2 gene is 
up-regulated as a result of the t(14;18) chromosomal translocation 
generating a hybrid bcl-2 -IgH mRNA. Recently, we have 
identified in t ( 14; 18 ) -positive cells a bcl-2-IgH mRNA in the 
antisense orientation, putatively responsible for the overexpression 
of bcl-2. Herein we show that this chimeric antisense 

transcript is an optimal target for synthetic oligodeoxynucleotides (ODNs). 
A variety of sense-oriented oligonucleotides have been designed that target 
the antisense transcript in regions endowed with a sequence 
specificity presumably restricted to an individual cell line (the bcl 
-2-IgH fusion regions) or extended to all t(14;18) cells (the ectopic 
bcl-2 segment upstream from the major breakpoint region and the 
IgH segment) . All sense-oriented ODNs complementary to the antisense 
transcript induced an early strong inhibition of cell growth and a late 
fulminant cell death. As expected, the activity of ODNs targeting the 
fusion region was restricted to each individual cell line, whereas the 
activity of all ODNs targeting the common bcl-2 and IgH 
segments was extended to all t(14;18) cell lines tested. These sense ODNs 
were not effective in untranslocated cell lines. Antisense-oriented 
ODNs , complementary to the bcl-2-IgH mRNA, and control ODNs 
(scrambled, inverted, or mismatched) were biologically ineffective. The 
selectivity and efficacy of all sense ODNs tested provide support for the 
development of therapeutic ODNs targeting the bcl-2-IgH 
antisense transcript expressed in human follicular lymphomas. 
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The association of greased metallothionein (MT) Ae expression in 
breast cancer with metastasis and poor prognosis has lecfTSs to investigate 
the hypothesis that inhibition of MT gene expression may elicit 
antiproliferative effects in breast carcinoma MCF7 cells. To monitor the 
effect of downregulation of MT protein on growth, MCF7 cells were 
transiently transfected by electroporation with an 18-mer MT 
antisense phosphorothioate oligomer (AO) or an 18-mer random oligomer 
(RO) . The MT-AO is complementary to the region 7 bases downstream from the 
AUG translational start site of the hMT-IIA gene. Transfection of MCE7 
cells with the AO inhibited cell growth by 50-60% at 72 hours when compared 
to control cells or the cells transfected with RO. The AO-induced growth 
inhibition was associated with alterations in morphology suggestive of 
apoptotic cell death. This was further confirmed by DNA linker cleavage 
into oligonucleosomal fragments and decreased bcl-2 protein 
levels in AO-transf ected cells as opposed to the RO-transf ected cells 
Reverse transcriptase polymerase chain reaction analysis showed that AO 
induced a 2-fold increase in the levels of c-fos and P 53 transcripts in 
comparison to RO which had no significant effect. Conversely c-myc 
transcripts were decreased by 2.5-fold in the AO-transf ected cells when 
compared to the controls. Furthermore, MCF7 cells transfected with an 
expression plasmid pBAcNEO-sMT-IIA encompassing human MT-IIA cDNA, 
constitutively driven by beta-actin promotor, caused a 2.5-fold increase in 
intracellular levels of MT, as judged by PCR and western blot analysis, in 
comparison to the cells transfected with pBAcNEO plasmid. In contrast to 
the AO-induced growth inhibition, overexpression of cytoplasmic MT 
increased the cell multiplication by 2-fold compared with control cells or 
the cells transfected with the control plasmid 72 hours post-transf ection. 
Moreover, the effects of AO on oncogene expression were reversed on 
increased expression of MT . These data suggest that overexpression of MT 
potentiates the growth of MCF7 cells, whereas downregulation of MT elicits 
antiproliferative effects. 
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BACKGROUND: The emergence of resistance to chemotherapy remains a major 



problem in the treatmeidfcf patients with small-cell luAancer. Elevated 

expression of Bcl-2 , ^protein that inhibits programmJP&ell 

death or apoptosis, has been associated with radiation and drug resistance 

and has been observed in the majority of small-cell lung cancer specimens 

and cell lines. PURPOSE: To test the hypothesis that Bcl-2 

expression levels are critical for inhibiting apoptosis in small-cell lung 

cancer cells, we used an antisense strategy to reduce Bcl- 

2 expression in these cells in an attempt to restore the natural 

occurrence of apoptosis. METHODS: Thirteen antisense 

oligodeoxynucleotides (ODNs) targeting various regions of the bcl- 
2 messenger RNA and a control scrambled-sequence ODN were tested to 
identify the most effective sequence (s) for reducing Bcl-2 
protein levels. Northern and western blot analyses were used to examine 
basal bcl-2 messenger RNA and protein levels, respectively, in 
four human small-cell lung cancer cell lines (SW2, NCI-H69, NCI-H82, and 
NCI-N417) . SW2 cells were treated with the antisense ODNs in the 
presence of cationic lipids (to facilitate uptake), and cytotoxic effects 
were measured by use of a cell viability assay. Flow cytometric analysis of 
DNA fragmentation and cell morphology was also performed. The cytotoxic 
effect of the most potent antisense ODN was also tested on the three 
other cell lines. RESULTS: The viability of SW2 cells was effectively 
reduced by ODNs that targeted the translation initiation and termination 
sites of the bcl-2 messenger RNA, but ODN 2009 that targeted 
the coding region was the most cytotoxic. Treatment of SW2 cells with 0.15 
microM ODN 2009 for 96 hours reduced their viability by 91% (95% confidence 
interval [CI] = 88%-94%) and caused a dose-dependent reduction in Bel 
-2 levels that became detectable 24 hours after treatment and 
persisted up to 96 hours; analysis of cellular morphology demonstrated that 
viability was reduced through apoptosis. Moreover, ODN 2009 at 0.15 microM 
was cytotoxic to NCI-H69, NCI-H82, and NCI-N417 cells, resulting in 
decreases in cell viability of 82% (95% CI - 78%-86%), 100%, and 100%, 
respectively, after 96 hours of treatment. The cytotoxic effects were 
inversely correlated with the basal Bcl-2 levels in the cell 
lines (r = -9964) . A control scrambled-sequence oligodeoxynucleotide had no 
statistically significant effect on the cell lines (P values ranging from 

.38 to .89). CONCLUSION: We have identified a novel antisense ODN 
sequence (ODN 2009) that effectively reduces the viability of small-cell 
lung cancer cells by reducing Bcl-2 levels and facilitating 
apoptosis . 



3/3,AB/68 (Item 68 from file: 155) 

DIALOG(R) File 155 :MEDLINE (R) 

(c) format only 2000 Dialog Corporation. All rts. reserv. 

09156835 97312646 

Developmental expression of morphoregulatory genes in the mouse embryo: 
an analytical approach using a novel technology. 

Craig JC; Eberwine JH; Calvin JA; Wlodarczyk B; Bennett GD; Finnell RH 

Department of Veterinary Anatomy and Public Health, Texas A&M University, 
College Station 77843, USA. 

Biochemical and molecular medicine (UNITED STATES) Apr 1997, 60 
(2) p81-91, ISSN 1077-3150 Journal Code: B3J 

Contract/Grant No.: DE 11303, DE, NIDCR; ES 07165, ES, NIEHS 

Languages : ENGLISH 

Document type: JOURNAL ARTICLE 

The molecular techniques of in situ transcription and antisense RNA 
amplification (IST/aRNA) have allowed for the monitoring of coordinate 
changes in the expression of multiple genes simultaneously. However, the 
analysis of their concurrent behavior during murine embryogenesis has been 
problematic. Studies involving the investigation of temporal and spatial 
gene expression during embryogenesis have focused solely on the analysis of 
isolated, single gene events. Such an approach has failed to provide an 
integrative picture of genetic control over the varied and complicated 
cellular processes governing embryogenesis. In order to interpret the 



enormous amount of gen^Bjxpression data generated by thjj^ procedures, we 
have attempted to dev^^p an analytical framework employing the 

statistical concepts of principal components analysis (PCA) . For the 
current study, we performed IST/aRNA on neural tubes dissected from the 
highly inbred LM/Bc murine strain collected during four gestational time 
periods. A subset of these genes, representing a partial signaling pathway 
in the developing neuroepithelium, was then subjected to PCA. Here, we 
report that PCA highlighted the transcriptional interplay among the genes 
p53, wee-1, Tgf beta-2, and bcl-2 such that the combined 
reciprocal regulation of their gene products is suggestive of a predominant 
proliferative state for the developing neuroepithelium. The application of 
PCA to the gene expression data has elucidated previously unknown 
interrelationships among cell cycle genes, growth, and transcription 
factors on a transcriptional level during critical stages of neurulation. 
The information gleaned from this analysis, while not definitive, suggests 
distinct hypotheses to guide future research. 
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TCR-mediated activation of T cell hybridomas induces programmed cell 
death by a Fas-dependent pathway. We now show that costimulation of 2B4 
cells, in the absence or presence of transgenic Bcl-2, with 
anti-CD3 epsilon and forskolin, an activator of cAMP signaling, resulted in 
antagonism of Fas-dependent activation-induced cell death that was always 
accompanied by selective downregulation of the nuclear levels of NF-kappa B 
p65-p50 (RelA-p50) transcription factor. Forskolin not only inhibited 
activation-induced cell death and NF-kappa B activation, but also 
suppressed expression of Fas and Fas ligand (Fas-L) . Furthermore, NF-kappa 
B p65 antisense oligonucleotide down-regulated nuclear levels of 
NF-kappa B, inhibited cell surface expression of Fas-L and apoptosis of 
2B4. Collectively, these finding demonstrate a potential role of NF-kappa B 
in the regulation of activation-induced apoptosis in T lymphocytes. 
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The goal of the current study was to evaluate the effects of arachidonic 
acid, as a representative polyunsaturated fatty acid, on the viability of a 



Hep G2 cell line, wl^ has been transduced to expreAuman cytochrome 
P4502E1 (CYP2E1) . Arachidonic acid produced a concentration- and 
time-dependent toxicity to Hep G2-MV2E1-9 cells, which express CYP2E1, but 
little or no toxicity was found with control Hep G2-MV-5 cells, which were 
infected with retrovirus lacking human CYP2E1 cDNA. In contrast to 
arachidonic acid, oleic acid was not toxic to the Hep G2-MV2E1-9 cells. The 
cytotoxicity of arachidonic acid appeared to involve a lipid peroxidation 
type of mechanism since toxicity was enhanced after depletion of cellular 
glutathione; formation of malondialdehyde and 4-hydroxy-2-nonenal was 
markedly elevated in the cells expressing CYP2E1, and toxicity was 
prevented by antioxidants such as alpha-tocopherol phosphate, 
6-hydroxy-2,5,7, 8-tetramethylchroman-2-carboxylic acid (trolox) , propylgall 
ate, ascorbate, and diphenylphenylenediamine, and the iron chelator 
desferrioxamine. Transfection of the Hep G2-MV2E1-9 cells with plasmid 
containing CYP2E1 in the sense orientation enhanced the arachidonic acid 
toxicity, whereas transfection with plasmid containing CYP2E1 in the 
antisense orientation decreased toxicity. The CYP2El-dependent 
arachidonic acid toxicity appeared to involve apoptosis, as demonstrated by 
terminal deoxynucleotidyltransf erase-mediated dUTP nick end labeling and 
DNA laddering experiments. Trolox, which prevented toxicity of arachidonic 
acid, also prevented the apoptosis. Transfection with a plasmid containing 
bcl-2 resulted in complete protection against the 
CYP2El-dependent arachidonic acid toxicity. It is proposed that elevated 
production of reactive oxygen intermediates by cells expressing CYP2E1 can 
cause lipid peroxidation, which subsequently promotes apoptosis and cell 
toxicity when the cells are enriched with polyunsaturated fatty acids such 
as arachidonic acid. The Hep G2-MV2E1-9 cells appear to be a valuable model 
to study interaction between CYP2E1, polyunsaturated fatty acids, reactive 
radicals, and the consequence of these interactions on cell viability and 
to reproduce several of the key features associated with ethanol 
hepatotoxicity in the intragastric infusion model of ethanol treatment. 
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We investigated the effect of glucose deprivation treatment on 
clonogenicity in multidrug-resistant human breast carcinoma MCF-7/ADR 
cells. Survival of MCF-7/ADR cells decreased exponentially up to 8 hours of 
incubation in the glucose-free medium. The surviving fraction of these 
cells for 8 hours of glucose-deprivation treatment was 1.5 x 10(-3). 
Photomicrographs and gel electrophoresis data suggest that glucose 
deprivation-induced cell death is associated with apoptosis. Data from 
western and northern blots showed an induction of c-myc gene expression 
during treatment with glucose-free medium in MCF-7/ADR cells. MCF-7/ADR 
cells transfected with c-myc antisense oligodeoxynucleotides became 
resistant to glucose deprivation-induced apoptosis. Overexpression of 
bcl-2 gene protected MCF-7/ADR cells from this apoptotic cell 
death. Taken together, these results indicate that c-myc expression is a 
necessary component of glucose-free medium induced apoptosis and bcl- 
2 prevents apoptotic death induced by c-myc. 
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The continued progress in our understanding of the biology of neoplasia 
and in the identification, cloning, and sequencing of genes critical to 
tumor cell function permits the exploitation of this information to develop 
specific agents that may directly modulate the function of these genes or 
their protein products. Antisense oligonucleotides are being 
investigated as a potential therapeutic modality that takes direct 
advantage of molecular sequencing. The antisense approach uses short 
oligonucleotides designed to hybridize to a target mRNA transcript through 
Watson-Crick base pairing. The formation of this oligonucleotide: RNA 
heteroduplex results in mRNA inactivation and consequent inhibition of 
synthesis of the protein product. A fundamental attraction of the 
antisense approach is that this method potentially may be applied to 
any gene product, in theory, for the treatment of malignant and 
non-malignant diseases. However, this simple and attractive model has 
proven to be much more complex in practice. A number of important 
challenges in the preclinical development of antisense 
oligonucleotides have been identified, including stability, sequence 
length, cellular uptake, target sequence selection, appropriate negative 
controls, oligonucleotide: protein interactions, and cost of manufacture. 
Although the biological activity of an oligonucleotide against its 
molecular target is theoretically sequence-dependent, the animal 
pharmacokinetics and toxicology of phosphorothioate analogues directed 
against vastly disparate gene products appear relatively 

non-sequence-specific. In oncology, a number of clinical trials have been 
initiated with antisense oligonucleotides directed against molecular 
targets including: p53; bcl-2 ; raf kinase; protein kinase 
C-alpha; c-myb. The experience gained from these early clinical trials will 
be applicable to the next generation of antisense agents in 
development. These may include molecules with novel backbones or other 
structural modifications, chimeric oligonucleotides, or peptide nucleic 
acids. Continued progress in this arena will require that many of the 
preclinical challenges confronting antisense development are 
satisfactory resolved. 
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An 18-mer full-Rjgy>phorothioate oligonucleotide^^ with sequence 
antisense to the fird^Bsix codons of the open reac^^p frame of 
bcl-2 (G3139) has sho^n efficacy against the DoHH2 l^^homa 
implanted in severe combined immunodef icient mice. This study evaluated the 
pharmacokinetics of 35S-labeled G3139 in female BALB/c mice after single 
i.v. bolus administration or s.c. infusion for 1 week. After 100 microg 
i.v. bolus (approximately 5 mg/kg) , the radioactivity was rapidly 
distributed and eliminated, with low blood levels 6 hr after 
administration. Most of the initial plasma radioactivity was protein bound 
(98% at 5 min) . Tissue to plasma ratios were 87 for kidney, 17 for liver, 5 
for spleen, 2.5 for heart and lung and 3.5 for gut. High-performance liquid 
chromatographic determination of G3139 showed triexponential kinetics, with 
alpha, beta and gamma half-lives of 5 min, 37 min and 11 hr, respectively. 
After 106 microg/day s.c. infusion, plasma steady state was reached by day 
3, when half of the radioactivity was protein bound and 66 to 86% of the 
radioactivity was associated with parent drug (0.9 microg/ml) . The plasma 
half-life of elimination for G3139 was 22 hr. Tissue to plasma ratios were 
similar to those after i.v. bolus administration, but accumulation was 
observed in all organs including bone marrow, where the levels reached were 
in the cytotoxic range. G3139 was metabolized to at least three different 
products, all observed in plasma, liver and kidney. Two metabolites eluted 
before the parent compound and one after the parent compound. There was 
greater degradation in the liver 6 hr after i.v. administration than at 24 
hr, 48 hr, 3 days and 7 days after s.c. administration. In the kidney, most 
radioactivity was G3139. All degradation products were found in the urine 
but only traces of parent drug were eliminated. After both routes of 
administration, most of the radioactivity was eliminated in the urine and 
to a lesser extent in the feces. Significantly more radioactivity was 
excreted in the urine after i.v. bolus, compared with s.c. infusion (33% on 
day 1 and 55% by day 3 for i.v. vs. 7.2% on day 1 and 12.9% by day 3 for 
s.c). These data show that s.c. infusion resulted in less excretion and 
metabolism of the administered dose. 
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Expression of Epstein-Barr virus latent membrane protein 1 protects 
Jurkat T cells from apoptosis induced by serum deprivation. 
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It has been generally accepted that inhibition of apoptosis is important 
in the development of malignancy. To determine whether Epstein-Barr virus 
(EBV) latent membrane protein 1 (LMP1) , the virus-coded transforming 
oncogene product, has an anti-apoptotic function in non-B-cells, Jurkat T 
cells were transfected with the LMPl-expression vector pSV2gptMTLM 
consisting of the human metallothionein promoter and were selected for 
mycophonolic acid resistance. LMPl-expressing clones of Jurkat cells showed 
resistance to apoptosis induced by serum deprivation. In LMPl-expressing 
clones, although the levels of Bcl-2 and Bax were similar to 
those in the clones of vector transf ectants or parental cells, c-Myc 
expression was significantly depressed. Down-regulation of c-Myc by LMP1 
was confirmed by using LMPl-expressing clones treated with CdC12 . Addition 
of c-myc antisense oligonucleotides to Jurkat cells specifically 
inhibited apoptosis induced by serum deprivation at the concentrations 
which suppressed c-Myc expression. These results suggest that LMP1 
expression and subsequent down-regulation of c-Myc protect Jurkat T cells 
from apoptosis induced by serum deprivation. The significance of the 



anti-apoptotic functioi^Hf LMP1 in non-B, Jurkat T celBBis discussed in 
relation to the pathogenesis of EBV malignancy. ^ 



3/3,AB/75 (Item 75 from file: 155) 

DIALOG (R) File 155 :MEDLINE (R) 

(c) format only 2000 Dialog Corporation. All rts. reserv. 

09094543 97258788 

Phenytoin-induced teratogenesis : a molecular basis for the observed 
developmental delay during neurulation. 
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PURPOSE: We wished to determine whether chronic phenytoin (PHT) exposure 
could impair neural development and if any morphological alterations could 
be linked to changes in gene expression. METHODS: Pregnant SWV mice were 
chronically administered PHT 40 mg/kg/day from gestational day (GD) 0:12 
(day:h) until they were killed at various timepoints throughout neural tube 
closure (NTC) . At each timepoint, embryos from both treated and control 
dams were collected and scored for their progression through NTC. The 
neural tubes were then isolated and subjected to in situ transcription 
(1ST) and antisense RNA amplification procedures. Using these 
techniques, we examined the expression of 10 genes: N-cadherin (Ncad) , 
collagen type IV (col-IV) , bcl-2 , c-jun, PAX-3, collular 
retinol binding protein-2 (CRBP-2), retinoic acid receptor alpha (RAR 
alpha), transforming growth factor (beta2 ) (TGF (beta2 ) ) , wee-1, and EMX-2. 
RESULTS: Chronic PHT exposure not only caused a delay in NTC whereby 
exposed embryos lagged behind the controls at each collection timepoint, 
but also significantly altered the expression of specific genes at distinct 
times during NTC. Early in NTC, PHT induced a significant reduction in the 
expression of N-cad, col-IV, and c-jun in exposed embryos as compared with 
controls. In contrast, during the midstages of NTC, the only significant 
molecular alterations observed in the PHT-exposed embryos was the continued 
decreased expression of col-IV and an increase in CRBP-2 expression. 
Finally, in the latter stages of NTC, PHT caused a significant reduction in 
the expression of bcl-2 , RAR alpha, TGF(beta2), EMX-2, and 
PAX-3. CONCLUSIONS: These results show that although the effects of PHT are 
morphologically subtle, causing a delay in the development of the neural 
tube, this delay is accompanied by alterations in critical genes at crucial 
times of neural development that may account for the observed neurological 
deficits often associated with PHT exposure. 
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Neuroprotective action of cycloheximide involves induction of bcl- 
2 and antioxidant pathways. 
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The ability of the protein synthesis inhibitor cycloheximide (CHX) to 



prevent neuronal deat^un different paradigms has l^jn interpreted to 
indicate that the ce:^ftdeath process requires synt^^is of "killer" 
proteins. On the other^hand, data indicate that neWotrophic factors 
protect neurons in the same death paradigms by inducing expression of 
neuroprotective gene products. We now provide evidence that in embryonic 
rat hippocampal cell cultures, CHX protects neurons against oxidative 
insults by a mechanism involving induction of neuroprotective gene products 
including the antiapoptotic gene bcl-2 and antioxidant enzymes. 
Neuronal survival after exposure to glutamate, FeS04, and amyloid 
beta-peptide was increased in cultures pretreated with CHX at 
concentrations of 50-500 nM; higher and lower concentrations were 
ineffective. Neuroprotective concentrations of CHX caused only a moderate 
(20-40%) reduction in overall protein synthesis, and induced an increase in 
c-fos, c-jun, and bcl-2 mRNAs and protein levels as determined 
by reverse transcription-PCR analysis and immunocytochemistry, 
respectively. At neuroprotective CHX concentrations, levels of c-fos 
heteronuclear RNA increased in parallel with c-fos mRNA, indicating that 
CHX acts by inducing transcription. Neuroprotective concentrations of CHX 
suppressed accumulation of H202 induced by FeS04, suggesting activation of 
antioxidant pathways. Treatment of cultures with an antisense 

oligodeoxynucleotide directed against bcl-2 mRNA decreased 
Bcl-2 protein levels and significantly reduced the 
neuroprotective action of CHX, suggesting that induction of Bcl- 
2 expression was mechanistically involved in the neuroprotective 
actions of CHX. In addition, activity levels of the antioxidant enzymes 
Cu/Zn-superoxide dismutase, Mn-superoxide dismutase, and catalase were 
significantly increased in cultures exposed to neuroprotective levels of 
CHX. Our data suggest that low concentrations of CHX can promote neuron 
survival by inducing increased levels of gene products that function in 
antioxidant pathways, a neuroprotective mechanism similar to that used by 
neurotrophic factors . 
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IL-5 but not interferon-gamma (IFN-gamma) inhibits eosinophil apoptosis 
by up-regulation of bcl-2 expression. 
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In order to determine regulatory mechanisms of eosinophil apoptosis, we 
examined the effect of recombinant IL-5 and interferon-gamma (IFN-gamma) on 
eosinophil apoptosis and bcl-2 expression. rhIL-5 (2.5 ng/ml) 
significantly inhibited eosinophil apoptosis in 96 h in vitro culture 
compared with medium only-cultured eosinophils (89.4 +/- 3.6% versus 31.3 
+/- 12.2% (mean +/- s.d.); n = 7, P < 0.05). Further, rhIL-5 significantly 
increased bcl-2 protein and mRNA expression on cultured 
eosinophils. A phosphorothioate antisense oligonucleotide targeted at 
the ATG translation initiation codon of bcl-2 (10 (-5) M) could 
significantly block the supportive effect of rhIL-5 (0.25 ng/ml) for 
eosinophil survival compared with sense cDNA of bcl-2 on 96 h 
culture (inhibition rate 28.01 +/- 4.56% versus 0.07 +/- 1.73%; n = 4, P < 
0.05). In contrast, rhIFN-gamma (100 U/ml) significantly inhibited 
eosinophil apoptosis on 96 h in vitro culture (72.7 +/- 10.5%; n = 7, P < 
0.05), but did not significantly up-regulate bcl-2 protein and 
mRNA. These results indicate that IL-5 has inhibitory effects on eosinophil 
apoptosis by regulation of bcl-2 expression. 
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Critical role of Lyn kinase in inhibition of neutrophil apoptosis by 
granulocyte-macrophage colony-stimulating factor. 
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The signal pathway for control of apoptosis in human neutrophils is 
currently unknown. In this study, we provide the first evidence that a Src 
family tyrosine kinase, Lyn, plays a key role in inhibition 
polymorphonuclear (PMN) cell death. Several nuclear proteins associated 
with apoptosis, i.e., p53, cdc2, and Rb, were absent from PMN. Bcl- 
2 , known to inhibit apoptosis, was also not expressed. Programmed 
cell death that rapidly occurred in PMN could be arrested by 
granulocyte-macrophage CSF (GM-CSF) , but this activation did not induce 
p53, cdc2, retinoblastoma, or Bcl-2 expression. Instead, GM-CSF 
produced a rapid activation of Lyn and Hck, but not Fgr, tyrosine 
phosphorylation within 1 min. Co-immunoprecipitation studies indicated that 
only Lyn, but not Hck, was physically coupled to GM-CSF receptor. By 
histologic assessment and evaluation of DNA fragmentation, only 
antisense Lyn, but not antisense Hck or antisense Fgr, 

could reverse the cell survival advantage provided by GM-CSF. Therefore, 
the physical coupling of Lyn to GM-CSF receptor and its early activation 
are required for inhibition or delay of apoptosis in PMN. 




3/3,AB/79 (Item 79 from file: 155) 

DIALOG (R) File 155 : MEDLINE (R) 

(c) format only 2000 Dialog Corporation. All rts. reserv. 

09013915 97054648 

Distinct mechanisms for rescue from apoptosis in Ramos human B cells by 
signaling through CD40 and interleukin-4 receptor: role for inhibition of 
an early response gene, Berg36. 
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The role of interleukin-4 (IL-4 ) and CD40 signaling in negative 
regulation of apoptosis in human Ramos B cells induced in response to 
different agents was investigated. CD40 ligation protected cells from 
apoptosis induced by calcium ionophore through an initial, rapid and 
apparently Bcl-2 -independent mechanism, associated with 
up-regulation of Bcl-XL. However, rescue from apoptosis induced by 
inhibition of macromolecular synthesis required several hours of prior 
stimulation with CD40 ligand/antibody and was accompanied by up-regulation 
of Bcl-2. In contrast, IL-4 did not up-regulate Bcl- 
2 or Bcl-XL and did not inhibit apoptosis induced by inhibitors of 
macromolecular synthesis. However, IL-4 did protect Ramos cells from 
apoptosis induced by calcium ionophore and this effect was accompanied by 
inhibition of ionophore-induced expression of an immediate early gene 
encoding a 36-kDa zinc-finger protein, Berg36. Antisense blockade of 
Berg36 expression partially inhibited ionophore-induced apoptosis to an 



extent commensurate wi^A* the level of IL-4 protection, implicating Berg36 
function as a requirer^M for apoptosis induced througl^^lcium signaling 
and as a target for IL-^^hrough which this cytokine inhflR.ts apoptosis in 
Ramos B cells. These distinct mechanisms for rescue from apoptosis by CD40 
and IL-4 may help explain the co-operative roles of these T cell-derived 
signals for B cell survival. 
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A bcl-2/IgH antisense transcript deregulates bcl- 
2 gene expression in human follicular lymphoma t(14;18) cell lines. 
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The 14; 18 chromosome translocation, characteristic of most human 
follicular B-cell lymphomas, juxtaposes the bcl-2 gene with the 
IgH locus, creating a bcl-2/IgH hybrid gene. By mechanisms that 
are still under investigation, this event increases the cellular levels of 
the bcl-2 mRNA and thereby induces an overproduction of the 
antiapoptotic BCL-2 protein which is likely responsible for 
neoplastic transformation. In an effort to identify potential upregulators 
of bcl-2 activity in t(14;18) cells, we found, by 
strand-specific RT-PCR, a bcl-2 antisense transcript that 

is present in the t(14;18) DOHH2 and SU-DHL-4 but not in the 
t { 14; 18 ) -negative Raji and Jurkat lymphoid cell lines, and thus appears to 
be dependent on the bcl-2/IgH fusion. This antisense 

transcript is a hybrid bcl-2/lgH RNA, that originates in the IgH locus, 
encompasses the t(14;18) fusion site and spans at least the complete 3 f UTR 
region of the bcl-2 mRNA. To achieve some insight into its 
biological function, we treated the t(14;18) DOHH2 cell line with 
oligonucleotides (ODNs) by specifically targeting the bcl-2/lgH 
antisense strand. These ODNs lowered bcl-2 gene 

expression, inhibited neoplastic cell growth by inducing apoptosis. We 
would like to propose the hypothesis that the bcl-2/IgH antisense 

transcript may contribute, by an unknown mechanism, to upregulation of 
bcl-2 gene expression in t(14;18) cells. The possibility has 
been considered that the hybrid antisense transcript mask AU-rich 
motifs present in the 3 ! UTR of the bcl-2 mRNA characterized in 
other genes as mRNA destabilizing elements. 
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Liposomal targeting of bcl-2 antisense oligonucleotides 
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Cationic liposomes improve the delivery of antisense 
oligonucleotides (ODNs) into cells. However, there is marked variability in 
the cellular uptake of ODNs into different cell lines. We used liposomes 



containing dime thyloctac^^lammoni urn bromide (DDAB) and c^j^eoylphosphatidy 
lethanolamine (DOPE) iHncrease the delivery of phosplBpester ODNs into 
four different myeloma^^ell lines. The delivery by^Ftionic liposomes 
increased the delivery of bcl-2 antisense ODNs by a 

factor of 9 to 45 as compared to plain ODNs. The stability of ODNs was 

increased with liposomes both in the culture medium and within the cells. 

Intact liposomal ODNs were detected inside the cells up to 24 hours with 

gel electrophoresis and phosphor imager analysis. Antisense ODNs had 

no effect on bcl-2 mRNA levels. Also the proliferation of 

myeloma cells remained unchanged during the 3-day incubation period. Our 

study shows that liposomal antisense ODNs targeting bcl-2 

of human myeloma cells result in increased stability of ODNs with minimal 
toxicity. However, further modifications are needed to gain biological 
effects of antisense ODNs on human myeloma cells. 
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C-Myc and Bcl-2 protein expression during the induction of 

apoptosis and differentiation in TNF alpha-treated HL-60 cells. 
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We examined c-Myc and Bcl-2 protein expressions during the 
induction of apoptosis and differentiation in TNF alpha-treated HL-60 cells 
using a two-color flow cytometric method. We found that c-Myc protein was 
rapidly down-regulated in the apoptotic cells while Bcl-2 
protein was expressed at relatively high levels. Concomitantly with 
terminal differentiation Bcl-2 protein was down-regulated in 
differentiating cells as well as c-Myc protein. We also showed that c-myc 
antisense oligonucleotides could induce apoptosis in HL-60 cells 
whereas bcl-2 antisense did not induce apoptosis during 

the early time of treatment. These results suggest that the down-regulation 

of c-Myc protein expression is a primary event to induce apoptosis and 

neither consistent expression of c-Myc protein nor rapid down-regulation of 

Bcl-2 protein is necessary for the initial processing of 

apoptosis in HL-60 cells. Furthermore, concomitant down-regulation of c-Myc 

and Bcl-2 is closely associated with terminal differentiation 

and apoptotic cell death of HL-60 cells treated with TNF alpha. 
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Nerve growth factor rescues PC12 cells from apoptosis by increasing 
amount of bcl-2 . 
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Nerve growth factor (NGF) suppressed the decrease in number of viable 
PC12 cells after serum withdrawal from culture medium. Accordingly, the 
amount of bcl-2, a suppressive effector of apoptosis, increased 



in these cells. Bc ^^P antisense oligonucleotide*^ 

suppressed not only the^GF- induced increase in bcl-2 buf^also 
NGF-induced neuronal differentiation. Results of fluorescent DNA staining 
indicated that NGF inhibited the chromatin condensation of PC12 cells 
resulting from serum withdrawal and further that the bcl-2 
antisense oligonucleotide canceled this effect of NGF. The present 
results suggest that NGF rescues PC12 cells from apoptosis induced by serum 
withdrawal via up-regulation of bcl-2. 
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Antisense oligodeoxynucleotides to bax mRNA promote survival of rat 
sympathetic neurons in culture. 
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Previous in vitro studies have shown that the presence of high levels of 
Bax protein accelerated the rate of cell death following growth factor 
deprivation and that the ratio of cell death repressor Bcl-2 to 
cell death effector Bax may determine the susceptibility to apoptosis. Both 
Bcl-2 and Bax protein expression has been detected in 
sympathetic neurons in vivo, and overexpression of bcl-2 in 
cultured sympathetic neurons prevented apoptosis after deprivation of nerve 
growth factor (NGF) . In the present study, we investigated the expression 
of bax and bcl-2 in primary cultures of sympathetic neurons 
from rat superior cervical ganglia. Furthermore, we tested the effects of a 
partially phosphorothioated bax antisense oligodeoxynucleotide (ODN) 
on the survival of sympathetic neurons in cultures supplied with suboptimal 
concentrations of NGF (0.5 ng/ml). A constitutive expression of bax mRNA at 
high levels was detected by reverse transcription and polymerase chain 
reaction which did not change significantly following NGF reduction or 
treatment with bax antisense ODN. A decrease in Bcl-2 

immunoreactivity was observed by immunocytochemistry in tyrosine 
hydroxylase-positive neurons when cultured under suboptimal NGF 
concentrations, whereas Bcl-2 immunolabeled non-neuronal cells 
were not affected. Maximal number of neurons was obtained in control 
cultures containing 50 ng/ml of NGF. Few neurons survived in cultures grown 
in 0.5 ng/ml of NGF for 2 days (12.0 +/- 1.5% of controls, mean +/- SEM) . 
Addition of two control ODNs at 1 microM had no effect on neuronal survival 
(10.1 +/- 1.2% and 11.0 +/- 1.3%, respectively), while the number of 
neurons was significantly increased in NGF-reduced cultures treated with a 
bax antisense ODNs (1 microM) (31.5 +/- 1.9%). Administration of 
fluorescein-labeled ODNs demonstrated intracellular uptake into cultured 
neurons. Treatment with bax antisense ODNs caused a significant 
reduction of Bax protein levels in SCG neurons by 46 +/- 2.6% as assessed 
by immuno-cytochemistry and digital image analysis. Taken together, our 
data demonstrate a constitutive expression of bax mRNA in sympathetic 
neurons suggesting that activation of bax expression may not be required 
for neuronal cell death after NGF withdrawal. After changing to suboptimal 
NGF concentrations, the cell-specific reduction in Bcl-2 
immunoreactivity preceded morphological signs of degeneration indicating 
that growth factor starvation may down-regulate neuronal bcl-2 

expression. Treatment with bax antisense ODNs indicated that 
suppression of Bax protein synthesis may promote neuronal survival in the 
threshold situation of insufficient trophic support. 
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Induction of hepatoma cell apoptosis by c-myc requires zinc and occurs in 
the absence of DNA fragmentation. 
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Since c-myc expression is increased during apoptosis in toxin-induced 
liver injury in vivo, the role of c-myc in liver cell apoptosis was 
investigated. The human hepatoma cell line HuH-7, which constitutively 
expresses c-myc, was stably transfected with sense and antisense 
c-myc expression vectors under the control of the zinc-inducible 
metallothionein promoter. None of the three cell types (wild-type, sense 
c-myc, or antisense c-myc) underwent apoptosis when cultured in 
serum-free medium (SFM) . With the addition of SFM plus 37.5 microM zinc, 
wild-type and sense c-myc-expressing cells underwent rapid cell death, 
whereas antisense c-myc-expressing cells exhibited increased 
survival. This cell death had the light, fluorescent, and electron 
microscopic appearance of apoptosis, but did not result in DNA 
fragmentation. This apoptosis could be terminated by the addition of medium 
containing 2% fetal calf serum or the overexpression of bcl-2 
but not by supplementation with specific growth factors. Altering c-myc 
expression did not affect cellular metallothionein mRNA levels or the rate 
of cell death from copper or cadmium. The requirement for zinc and absence 
of DNA fragmentation in c-myc-induced hepatoma cell apoptosis under 
serum-free conditions provides further evidence of the complex regulation 
of apoptosis in different cell types. 



3/3,AB/86 (Item 86 from file: 155) 

DIALOG (R) File 155 : MEDLINE ( R ) 
(c) format only 2000 Dialog Corporation. All rts. reserv. 

08852055 97070436 

Dopamine induces apoptotic cell death of a catecholaminergic cell line 
derived from the central nervous system. 

Masserano JM; Gong L; Kulaga H; Baker I; Wyatt RJ 

National Institute of Mental Health Neuroscience Center at Saint 
Elizabeths, Neuropsychiatry Branch, Washington, D.C. 20032, USA. 
massera j @dirpc . nimh . nih . gov 

Molecular pharmacology (UNITED STATES) Nov 1996, 50 (5) pl309-15 
ISSN 0026-895X Journal Code: NGR 

Languages : ENGLISH 

Document type: JOURNAL ARTICLE 

Dopamine produces a time- and dose-dependent increase in cell death in a 
clonal catecholaminergic cell line (CATH.a) derived from the central 
nervous system. Cell death also occurred after treatment with the 
catecholamines L-dihydroxyphenylalanine, norepinephrine, epinephrine, and 
isoproterenol, as well as the neurotoxic compound 6-hydroxydopamine . Cell 
death is not receptor mediated because selective noradrenergic and 
dopaminergic receptor agonists had no effect on CATH.a cell viability. 
Dopamine induces apoptotic cell death as indicated by DNA fragmentation 
measured by gel electrophoresis and by flow cytometric analysis. Apoptosis 
seems to be produced by dopamine autoxidation, because intracellular 
peroxides increase after dopamine treatment and cell death can be inhibited 
by catalase and N-acetylcysteine . N-acetylcysteine produced a 
dose-dependent decrease in dopamine-induced cell death; this correlated 




with a decrease in perc^Ble formation. In addition, ant^H^se to the 

antioxidant protein bc^2 increases the sensitivity of ^PrH.a 

cells to dopamine-induced cell death. These findings indicate that the 

oxidative products of dopamine cause neurotoxicity through apoptosis. 
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To test the hypothesis that PTH-related peptide (PTHrP) is a paracrine 
regulator of endochondral bone development, we localized PTHrP and its 
cognate receptor during normal skeletal development at both messenger RNA 
(mRNA) and protein levels and compared the growth plate phenotypes of 
PTHrP-def icient [( PTHrP (-/-) ] mice to those of normal littermates 
[PTHrP (+/+] . PTHrP mRNA was expressed adjacent to uncavitated joints, in 
the perichondrium of long bones and to a lower level in proliferating 
chondrocytes. In contrast, PTHrP protein was most evident at the interface 
of proliferating and hypertrophic zones, where it colocalized with 
PTH/PTHrP receptor mRNA and protein. Most strikingly, the proliferating 
zone was dramatically shorter in PTHrP (-/-) cartilage, although the 
percentage of cells in S-phase of the cell cycle in the proliferating zone 
was indistinguishable between PTHrP (+/+) and PTHrP (-/-) mice. Terminal 
differentiation of chondrocytes, which was characterized by cell 
hypertrophy, apoptosis (DNA fragmentation and decreased bcl-2 
mRNA expression) , and matrix mineralization, was more advanced in growth 
cartilage of PTHrP(-/-), compared with PTHrP(+/+) animals. These data 
demonstrate that PTHrP acts principally as a paracrine factor, which 
promotes elongation of endochondral bone by restraining or delaying the 
pace of chondrocytic development and terminal differentiation of 
growth-plate chondrocytes. 
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Bcl-2 expression has been shown in hematopoietic progenitor 
cells. Through the use of Bcl-2 specific antisense 

oligonucleotides we herein report the biologic importance of Bcl- 
2 expression in primary human CD34+ hematopoietic progenitor cells 
committed to the myeloid lineage. In bone marrow or peripheral blood 
derived CD34+ cells Bcl-2 specific antisense decreased 



cell survival and inhibited the outgrowth of mixed mjgloid colonies. A 
short-term overnight j^reatment of CD34+ cells wiM 25 mumol/L of 
Bcl-2 antisense in liquST culture completely ablated the^ 
growth of granulocyte-macrophage colony- forming cells (GM-CFC) m a 
subsequent 14 days methylcellulose colony assay. Control experiments using 
corresponding Bcl-2 sense or nonsense oligonucleotides did not 
significantly impair cell survival or growth of GM-colony- forming unit. 
Western blot analyses revealed the Bcl-2 antisense 

dependent inhibition of expression of the Bcl-2 protein in 
CD34+ progenitor cells. Furthermore, regulation of Bcl-2 
expression by various cytokines including interleukin-10 (IL-10) was 
studied. IL-10' s effects on the formation of mixed myeloid colonies were 
examined in the absence or presence of Bcl-2 specific 
antisense. In the absence of Bcl-2 antisense IL-10 

significantly extended the colony forming potential of mixed myeloid 
colonies to 14 days. In the presence of Bcl-2 antisense 

rhIL-10 completely restored GM-CSF driven colony growth. Fluorescent 

microscopy, Western blot analysis, and reverse transcriptase-polymerase 

chain reaction revealed the IL-10 dependent increase in cellular expression 

of Bcl-2 protein and Bcl-2 mRNA transcripts in 

CD34+ cells. Thus these results show that Bcl-2 expression is 

necessary for the formation of GM-CSF-dependent colony growth in vitro and 

that rhIL-10 increases Bcl-2 expression and survival in primary 

human CD34+ hematopoietic progenitor cells that are committed to the 

myeloid lineage. 
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High levels of expression of the bcl-2 oncoprotein in acute 
myeloblastic leukaemia (AML) cells have been associated with low complete 
remission rates and poor survival. The sensitivity of AML blasts to drugs 
such as Ara-C can be increased by the down-regulation of bcl-2 

expression by antisense oligonucleotides. All-trans retinoic acid 
(ATRA) has been reported to increase the sensitivity of AML cell lines to 
Ara-C and to induce differentiation in the HL60 promyelocytic cell line, 
with both effects being accompanied by a decrease in bcl-2 

expression. Using flow cytometry and a monoclonal antibody to bcl- 
2, we have investigated the effects of ATRA (1 microM) on bcl- 
2 expression in the blast cells of 25 AML patients and the K562 cell 
line after incubation for 72 or 24 h, respectively. Using 
Kolmogorov-Smirnov statistical analysis where a D value of > 0.12 was 
statistically significant, we found that in 8/25 AML samples and the K562 
cells there was a significant decrease in bcl-2 protein 
expression after incubation with ATRA (D value range 0.14-0.44). The mean 
peak fluorescence (MPF) values for the bcl-2 levels of the ATRA 
responders (n = 8) was reduced to 35.5 +/- 6.9 following incubation with 
ATRA compared to 47.6 +/- 8.2 (mean +/- SEM) for control samples incubated 
in the absence of ATRA (P = 0.014). There was no significant difference 
between the baseline bcl-2 molecules of equivalent soluble 
fluorochrome (MESF) levels in the ATRA responders (48.9 +/- 5.7, n = 8) and 
the non-responders (41.3 +/- 3.9, n = 17) (mean +/- SEM) (P = 0.28). The 
down-regulation of bcl-2 expression by ATRA was particularly 
associated with CD34-negative AML and of the eight AML patients 1 cells that 



responded to ATRA by Bwn- regulating bcl-2, seven wej^«D34 
negative (P < 0.05). ^ur data suggest that the aWEtion of ATRA to 
combination chemotherapy would increase the chemosensitivity of some 
patients with AML, particularly CD34-negative AML, due to down-regulation 
of bcl-2 expression. 
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Endothelial cells undergo apoptosis after withdrawal of growth factors, 
alterations in the extracellular matrix, or exposure to cytokines. Here we 
report that tumor necrosis factor (TNF) -alpha induces apoptosis of human 
endothelial cells derived from the umbilical vein in a dose-dependent 
fashion. Apoptosis is triggered through a pathway that is independent from 
the levels of Bcl-2- On the contrary, TNF stimulates the growth 
of spontaneously transformed human umbilical vein endothelial cells. This 
proliferative effect is mediated through the up-regulation of fibroblast 
growth factor-1 by TNF . The addition of specific fibroblast growth factor-1 
antisense oligonucleotides inhibits TNF-induced fibroblast growth 
factor-1 expression, thus inhibiting the growth and triggering apoptosis of 
spontaneously transformed human umbilical vein endothelial cells. 
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OBJECTIVE: To investigate modulation of decrease of intrinsic bcl- 
2 protein levels on programmed cell death of leukemia cells. METHOD: 
Gene transfection procedure was applied to observe the effect of 
antisense RNA-mediated suppression of bcl-2 gene 

expression on programmed cell death of human T-lymphocytic leukemia cell 
line CEM. RESULTS: Temporary expression of antisense bcl- 
2 gene could effectively reduce levels of intrinsic bcl-2 

protein of CEM cells and render it more sensitive to etoposide-induced 
cytotoxicity. Moreover, a great deal of apoptotic bodies and ladder DNA was 
always produced during etoposide-mediated killing of CEM and when CEM 
expressing bcl-2 antisense RNA served as target cells in 

particular, the amount of ladder DNA increased to around 40%. CONCLUSION: 
Programmed cell death is one of the mechanisms by which etoposide kills 
leukemic cells and is modulated by cellular intrinsic bcl-2 
protein. 
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We are interested in studying the possibility of modulating prostatic 
cell growth by manipulating apoptosis. Here we show that 1 microM 
staurosporine (STS) induces a human androgen-independent prostatic tumor 
cell line, DU145, to undergo dramatic changes in morphology and results in 
programmed cell death. Several genes involved in apoptosis were analyzed 
for expression in STS-treated and untreated DU145 cells. It was observed 
that these genes were differentially regulated. The expression level of 
bcl-2 , bcl-xL, Ich-IL remains unchanged in treated and 
untreated cells. On the other hand, DAD1 and interleukin-1 beta-converting 
enzyme (ICE) were downregulated while bcl-xs and Ich-ls were upregulated. 
By blocking bcl-2 gene expression using antisense 

oligonucleotides, it was determined that the anti-bcl-2 
oligonucleotides have no effect on the proliferation of DU145 or 
STS-treated DU145 cells. These results demonstrate that programmed cell 
death can be induced in an androgen-independent prostatic cancer cell line 
and BCL-2 was found not to play an important role in preventing 
STS-induced apoptosis in the DU145 cell line. 
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A main function attributed to the BCL2 protein is its ability to confer 
resistance against apoptosis . In addition to the constitutively high 
expression of BCL2, caused by gene rearrangement in follicular lymphomas, 
elevated expression of the BCL2 gene has been found in differentiating 
hematopoietic, neural, and epithelial tissues. To address the question of 
whether the expression of BCL2 is a cause or consequence of cell 
differentiation, we used a human neural-crest-derived tumor cell line, 
Paju, that undergoes spontaneous neural differentiation in vitro. The Paju 
cell line displays moderate expression of BCL2, the level of which 
increases in parallel with further neural differentiation induced by 
treatment with phorbol 12-myristate 13-acetate. Transfection of normal 
human BCL2 cDNA in sense and antisense orientations had a dramatic 
impact on the differentiation of the Paju cells. Overexpression of BCL2 
cDNA induced extensive neurite outgrowth, even in low serum concentrations, 
together with an increased expression of neuron-specific enolase. Paju 
cells expressing the anti-sense BCL2 cDNA construct, which reduced the 
endogenous levels of BCL2, did not undergo spontaneous neural 




differentiation. These ^cells acquired an epithelioid morphology and 
up-regulated the intermdMfce filament protein nestin, t^^^ally present in 
primitive neuroectoderm!^ cells. The manipulated leveWof BCL2 did not 
have appreciable impact on cell survival in normal culture. Our findings 
demonstrate that the BCL2 gene product participates in the regulation of 
neural differentiation. 



3/3,AB/94 (Item 94 from file: 155) 

DIALOG (R) File 155 : MEDLINE (R) 

(c) format only 2000 Dialog Corporation. All rts. reserv. 

08702112 96073234 

Role of Bcl-2 in the brain-derived neurotrophic factor 
survival response. 

Allsopp TE; Kiselev S; Wyatt S; Davies AM 

School of Biological and Medical Sciences, St Andrews University, Fife, 
UK. 

European journal of neuroscience (ENGLAND) Jun 1 1995, 7 (6) 
pl266-72, ISSN 0953-816X Journal Code: BYG 
Languages : ENGLISH 
Document type: JOURNAL ARTICLE 

Developing neurons die if they fail to obtain an adequate supply of 
neurotrophins from their targets but how neurotrophins suppress cell death 
is not known. Although over-expression of exogenous Bcl-2 can 
prevent the death of cultured neurons deprived of members of the nerve 
growth factor family of neurotrophins it is not known if this effect is 
physiologically relevant. To determine if Bcl-2 participates in 
the neurotrophin survival response we used antisense bcl- 
2 RNA to inhibit endogenous Bcl-2 expression. Here we 

show that brain-derived neurotrophic factor (BDNF) -dependent neurons are 
killed by antisense bcl-2 RNA in the presence of BDNF . 

However, when these neurons were supported with ciliary neurotrophic factor 
(CNTF) their survival was not affected by antisense bcl-2 

RNA. Likewise, the survival of CNTF-dependent ciliary neurons was not 

affected by antisense bcl-2 RNA. Our findings suggest 

that Bcl-2 is required for the BDNF survival response and that 

alternative, Bcl-2 -independent survival mechanisms operate in 

sensory and parasympathetic neurons exposed to CNTF. 
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This review attempts to provide current information on the role played by 
the p53 gene in normal and leukemic hematopoiesis with particular emphasis 
on chronic myeloid leukemia. On the basis of the currently available data 
we can argue that p53 acts as a negative regulator of proliferation of 
myeloid mature cells and CD34+ progenitors, and its action is mediated 
through changes in cell cycle kinetics, mainly before the S phase. The 
p53-dependent pathway is also regulated by several proteins, including pl6, 
p21, p27 (cyclin-dependent kinase [CDK] inhibitors), and a few oncogenes ( 
bcl-2 , bax, MDM-2 ) . Although there is some information about 
the changes in the p53 gene seen in various types of leukemia, the 
functions and biological importance of these changes in the pathogenesis of 
leukemia are still largely elusive. During the past several years, 



accumulated evidence ^|ests that changes in the pS^Jfcne are commonly 
associated with blast Wisis of chronic myeloid leukemiWtCML) but rarely 
with chronic phase, and they are represented by rearrangements, deletions 
and point mutations. As for most of the tumors, the majority of point 
mutations occur between exons 4 and 8 (hot regions). In patients with CML 
in blastic crisis the most frequent mechanism of p53 inactivation is 
complete deletion of one allele in association with a point mutation in the 
remaining allele. (ABSTRACT TRUNCATED AT 250 WORDS) 
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The bcl-2 protein plays a central role in the regulation of 
programmed cell death in a variety of tissues and is pivotal to the 
survival of lymphocytes in vivo. The growth factors responsible for 
survival of normal lymphocytes are unknown but are likely to maintain 
viability in part through the regulation of bcl-2 expression. A 
subset of human natural killer (NK) cells (CD3-CD56bright ) are unique among 
lymphocytes in their constitutive expression of c-kit, a tyrosine kinase 
cell surface receptor that binds c-kit ligand (KL) . Alone, KL does not 
promote proliferation or further differentiation of CD56bright NK cells. We 
now report that, in the absence of serum or additional growth factors, KL 
prevents apoptosis of cultured CD56bright NK cells, as assessed by DNA 
fragmentation studies, and maintains viability, as measured by biologic 
responses (i.e., proliferation and cytotoxicity) to the subsequent addition 
of other cytokines. Furthermore, we demonstrate that KL induces CD56bright 
NK cells to express the bcl-2 protein. In the presence of 
anti-c-kit antibody, the tyrosine kinase inhibitor genistein, or bcl- 
2 antisense oligonucleotide, the protective effect of KL on the 
survival of CD56bright NK cells is dramatically reduced. These data 
demonstrate that the binding of KL to its tyrosine kinase receptor results 
in the upregulation of bcl-2, thereby preventing apoptosis in 
this subset of normal human lymphocytes. As soluble KL is plentiful in 
normal human serum, this survival mechanism may be operative for CD56bright 
NK cells in vivo. 
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We report here that all trans-retinoic acid (RA) , a classical morphogen, 
induces apoptosis during the neural differentiation of the embryonic stem 



cell line P19. The ar^r>totic cells showed, in additio^to DNA cleavage, 
typical morphological ^|nges including chromatin cor^^sation, nuclear 
fragmentation, and cytoplasmic vacuolation. These apoptdWE changes became 
obvious by 12 h after the addition of RA. The endogenous expression of 
bcl-2 in surviving cells was down-regulated during this 
process, and the compelled expression of bcl-2 by retroviral 
vectors reduced the number of apoptotic cells. Apoptosis was partially 
inhibited by adding antisense oligonucleotides against RA receptors 
(RARs) simultaneously or by transfecting a plasmid vector flanked with a 
RA-responsive element. Antisense oligonucleotides against retinoid X 
receptors (RXRs) , the receptors for 9 cis-RA, did not inhibit apoptosis 
induced by all trans-RA. Cycloheximide and actinomycin D, inhibitors of 
protein and RNA syntheses, respectively, suppressed apoptosis. No changes 
were seen in the expression of tumor necrosis factors, their receptors, 
Fas, FasL, p53, or c-myc, molecules which have been suggested to 
participate in the apoptotic process. Addition of neurotrophins to the 
culture medium did not affect apoptosis. These findings suggest that the 
signals themselves, promote expression of molecules essential for 
apoptosis. Furthermore, we observed that RA induced apoptosis of cerebral 
neurons from murine embryos in primary culture, which suggests that RA 
might participate in cell death which occurs during neural development. 
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Arachidonic acid (AA) metabolites derived from both cyclooxygenase (COX) 
and lipoxygenase (LOX) pathways transduce a variety of signals related to 
cell growth. Here, we report that the AA LOX pathway also functions as a 
critical regulator of cell survival and apoptosis. Rat Walker 256 (W256) 
carcinosarcoma cells express 12-LOX and synthesize 12 (S)- and 
15 (S) -hydroxyeicosatetraenoic acids as their major LOX metabolites. W256 
cells transfected with 12-LOX-specif ic antisense oligonucleotide or 
antisense oligonucleotides directed to conserved regions of LOXs 
underwent time- and dose-dependent apoptosis. Likewise, treatment of W256 
cells with various LOX but not COX inhibitors induced apoptotic cell death, 
which could be partially inhibited by exogenous 12 (S)- or 
15 (S) -hydroxyeicosatetraenoic acids. The W256 cell apoptosis induced by 
antisense oligos and LOX inhibitors was followed by a rapid 
downregulation of bcl-2 protein, a dramatic decrease in the 
bcl-2/bax ratio, and could be suppressed by bcl-2 

overexpression. In contrast, p53, which is wild type in W256 cells, did not 
undergo alterations during apoptosis induction. The results suggest that 
the LOX pathway plays an important physiological role in regulating 
apoptosis . 
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Most human follicular B-cell lymphomas are associated with t(14;18) 
chromosome translocation that joins the bcl-2 gene with the IgH 
locus. This hybrid gene causes upregulation of BCL-2 protein 
expression, endowing cells with survival advantage. Although early 
BCL-2 overexpression is definitely responsible for 
immortalization/transformation, its exact role in the overt transformation 
as well as in the maintenance of the tumor phenotype is not known. The 
capacity of oligodeoxynucleotides (ODN) to modulate gene expression 
specifically has been exploited to downregulate the overexpression of 
BCL-2 protein in the SU-DHL-4 human follicular B-cell lymphoma 
line by the use of sense ODN or antisense ODN or an ti sense ODN 
designed to encompass the unique nucleotide sequence in the fusion region 
of the hybrid transcript. The specific downregulation of the bcl- 
2 transcript and of the relevant BCL-2 protein in the 

treated cells activated programed cell death and inhibited growing cells. 
The antitumor activity was restricted to the DHL- 4 cell line carrying the 
specific nucleotide sequence at the bcl-2/IgH joining region. 
Thus, DHL- 4 lymphoma cells derived from the acute phase of human follicular 
B-cell lymphoma, although endowed with additional activated oncogenes, were 
growth inhibited by bcl-2 downregulation with additional 
activated oncogenes, were growth inhibited by bcl-2 
downregulation in a genetically restricted fashion. The biological activity 
was exerted exclusively by ODNs synthesized in the sense orientation. The 
sense ODNs have been proposed to anneal the hybrid bcl-2/IgH 
antisense RNA as identified in this study. 
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Apoptosis plays an important role in eliminating dysfunctional damaged 
cells. For skin, the best characterized injurious environmental agent is 
ultraviolet (UV) irradiation. Most of the damaging UV irradiation is 
absorbed in the epidermis and leads to apoptosis of keratinocytes . However, 
epidermal melanocytes appear to be protected from UV-induced apoptosis. We 
now report that in pure cultures melanocytic cells undergo characteristic 
apoptosis after physiologic UV exposures. However, nerve growth factor 
(NGF) supplementation protects them from this programmed cell death. 
Furthermore, we show that NGF protects melanocytic cells from UV-induced 
apoptosis by upregulating BCL-2 protein in these cells and that 
prior downregulation of BCL-2 abrogates the NGF protective 
effect on melanocytes. Our data suggest that NGF, known to be 
constitutively produced by epidermal keratinocytes and induced in these 
cells after UV irradiation, may preserve the population of cutaneous 
melanocytes that would otherwise be depleted by casual sun exposure. 
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B lymphocyte production in the bone marrow depends on a cascade of 
regulatory cells and cytokines unique to the hematopoietic 
microenvironment. Fibroblastic stromal cells appear to be particularly 
important in regulating the earliest events in this lineage; however, it is 
still not clear whether the same or different sets of signals regulate 
maintenance of cell viability, proliferation, and differentiation of B 
lineage cells. In this study, we addressed the role of bone marrow stromal 
cells in survival and expansion of normal murine pro-B cells. Stromal cells 
were required for long-term proliferation of pro-B cell clone CI. 92, and, 
in the presence of stromal cell line S10, pro-B cells expressed the 
proto-oncogene bcl-2 . Removal of CI. 92 cells from Stromal 
cell-derived signaling in support of pro-B cell viability. Due to its 
previously described role in regulating cell survival, we investigated 
whether stromal cells regulate bcl-2 expression in pro-B cells. 
When removed from stromal cell cultures, pro-B cells rapidly lost bcl 
-2 mRNA expression coincident with initiation of apoptosis. However, 
interruption of bcl-2 expression with antisense 

oligonucleotides in the presence of stroma and interleukin-7 (IL-7) did not 
result in immediate cell death. Oligonucleotide-treated cells arrested in 
G{1) phase of the cell cycle 24 hours before the initiation of apoptosis. 
In contrast, removal of pro-B cells from stromal cell support resulted in 
rapid increase in BAX expression, correlating directly with initiation of 
apoptosis. These results suggest that bcl-2 may, in part, 
regulate cell survival by interrupting the cascade of intracellular events 
that regulate cell cycle progression in lymphopoietic cells. Initiation of 
apoptosis in these cells appears to be more closely correlated with 
intracellular levels of BAX expression. 
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BCL2 proto-oncogene encodes a 25-kD protein that is characteristically 
localized in the inner mitochondrial membrane of the cell. It has been 
reported that BCL2 protein has the unique functional role of blocking 
programmed cells death without affecting proliferation. We have analyzed 
the expression of the BCL2 protein in fetal hematopoietic tissues from the 



10th week of gestation^age onward. Fetal thymus, live^and bone marrow 
and cord blood were Westigated. The experiments wer^erformed by the 

alkaline-antialkaline phosphatase (APAAP) technique by staining air-dried 
acetone-fixed cytospins and by dual-color immunof luorescent assay by 
staining mononuclear cell suspensions with monoclonal antibodies detecting 
BCL2 protein and antigens expressed by different hematopoietic subsets. 
Flow cytometric analyses were performed on FACSorfs Comsort 32 {Becton 
Dickinson, San Jose, CA) . The results have shown that the BCL2 protein is 
expressed in human fetal ontogenesis at the earliest stages examined. The 
major conceptual aspects of the results are 1) BCL2 is largely expressed in 
the hematopoietic cells during ontogenesis. BCL2+ cells include both 
immature and more differentiated subsets. Moreover, the 25-kD protein is 
expression in cell subsets well known to be high proliferating. This 
behavior suggests that BCL2 could have more complex functions than those 
previously described. 2) The expression in the major part of CD34+ cells 
suggests that BCL2 could play a role in stem cell survival. 3) BCL2 is 
expressed in not only medullary but also cortical thymocytes, where it 
could cooperate in positive selection processes. 4) The involvement of BCL2 
in the immunosurveillance is indicated not only by its role in B and T cell 
lineages but also by its expression in particular subsets like that of the 
cytoplasmic CD3+ fetal liver NK cells. 5) The discrepancy observed between 
the results of transgenic mice analysis and in vitro inhibition experiments 
by antisense oligonucleotides performed for understanding BCL2 
functions must stress the importance of the direct immunologic analysis of 
BCL2 in human hematopoietic cells. 
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Downregulation of Cu/Zn superoxide dismutase leads to cell death via the 
nitric oxide-peroxynitrite pathway. 
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We previously showed that the downregulation of Cu/Zn superoxide 
dismutase (SOD1) activity in PC12 cells by exposure to an appropriate 
antisense oligonucleotide causes their apoptotic death. In this 
report, we used this model to examine the pathways by which SOD1 
downregulation leads to death and to compare these pathways with those 
responsible for death caused by withdrawal of trophic support. To improve 
delivery of the SOD1 antisense oligonucleotide, we coupled it to a 
carrier "vector" peptide homologous to the third helix of the Drosophila 
Antennapedia homeodomain. This caused not only efficient cellular uptake 
even in the presence of serum, but also inhibition of SOD1 activity and 
promotion of apoptosis at 100-fold lower concentrations of oligonucleotide. 
Death induced by SOD1 downregulation appeared to require the reaction of 
superoxide with nitric oxide (NO) to form peroxynitrite. In support of 
this, inhibitors of NO synthase, the enzyme responsible for NO synthesis, 
blocked death in our experiments, whereas NO generators and donors 
accelerated cell death. N-Acetylcysteine and chlorophenyl thiol cAMP, which 
rescue PC12 cells and neurons from the withdrawal of nerve growth factor 
and other forms of trophic support, did not protect PC12 cells from SOD1 
downregulation. In contrast, overexpression of bcl-2, which 
also rescues these cells form loss of trophic support, was equally 
effective in saving the cells in the SOD1 downregulation paradigm. Taken 
together with past findings, such observations suggest that SOD1 
downregulation and withdrawal of trophic support trigger apoptosis via 



distinct initial mechani^^s but may utilize a common fina^^athway to bring 
about death. Our fin^fts may be relevant to the cAs and potential 
amelioration of neuronal degenerative disorders caWed by impaired 
regulation of cellular levels of NO and superoxide. 
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Apoptosis in Pam212, an epidermal keratinocyte cell line: a possible role 
for bcl-2 in epidermal differentiation. 
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Programmed cell death is a controlled process that leads to the 
elimination of single cells via apoptosis, a mode of cell death with a 
characteristic morphology. During epidermal differentiation, keratinocytes 
migrate outward to become terminally differentiated cornified cells in a 
process involving programmed cell death pathway (s) and apoptosis. The 
molecular mechanisms regulating epidermal differentiation and apoptosis 
have not yet been elucidated. Here we show that a mouse keratinocyte cell 
line, Pam212, undergoes spontaneous apoptosis in culture. Apoptosis of 
Pam212 cells is demonstrated by both morphology and DNA oligonucleosomal 
degradation. The expression of bcl-2, a gene implicated in the 
negative control of apoptosis, was down-regulated in these cells by 
transfecting a bcl-2 -anti sense expression vector. The 
cells that down-regulate bcl-2 expression exhibit enhanced 
apoptosis and further progress in the epidermal differentiation pathway. We 
analyzed the expression patterns of several genes that have been implicated 
in apoptosis in other systems. We show that the mRNA levels of c-myc, 
c-myb, c-fos, tumor necrosis factors (TNF) alpha and beta, TNF receptors I 
and II, interleukin 1 alpha, IFN-gamma, and transforming growth factor beta 
increase in the antisense-transfected cells. We suggest that 
bcl-2 influences epidermal differentiation in Pam212 
keratinocyte cells, and maybe in vivo, by negatively regulating several 
genes that are involved in apoptosis. 
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We have reported that members of the bcl-2 gene family are 
expressed and gonadotropin regulated in ovarian granulosa cells during 
follicular maturation and atresia. Because Bcl-2, a protein 
that prevents apoptosis in several cell types, is reported to function as 
an antioxidant or free radical scavenger, the present studies were designed 
to investigate if oxidative stress plays a role in granulosa cell apoptosis 



during follicular atresj|^^n the immature rat ovary. In first series of 

experiments, the role^H oxidative stress in the indtWion of granulosa 
cell apoptosis was directly tested using a defined in vitro follicle 
culture system. Healthy antral follicles obtained from equine CG 
(eCG) -primed immature (27 day old) rats were incubated in serum-free medium 
for 24 h in the absence or presence of FSH (100 ng/ml; a control for 
inhibiting apoptosis), superoxide dismutase (SOD; 10-1000 U/ml) , ascorbic 
acid (0.01-1 mM; a free radical scavenger), N-acetyl-L-cysteine (25-100 mM; 
a free radical scavenger and stimulator of endogenous glutathione 
peroxidase activity), or catalase (10-1000 U/ml). Granulosa cells within 
follicles incubated in medium alone exhibited extensive apoptosis after 24 
h of incubation, and this onset of apoptosis was blocked by treatment with 
FSH (29 +/- 4% of controls; P < 0.001, n = 3) . Moreover, apoptosis in 
follicles was also inhibited by treatment with SOD (44 +/- 4% of controls 
at 1000 U/ml; P < 0.01, n = 3) , ascorbic acid (55 +/- 9% of controls at 1 
mM; P < 0.05, n = 3), N-acetyl-L-cysteine (24 +/- 7% of controls at 100 mM; 
P < 0.001, n = 3), or catalase (35 +/- 6% of controls at 1000 U/ml; P < 
0.001, n = 3) . In the second series of experiments, complementary DNAs 
corresponding to secreted (SEC-SOD), copper/zinc-containing (Cu/Zn-SOD) , 
and manganese-containing (Mn-SOD) forms of rat SOD, rat seleno-cysteine 
glutathione peroxidase (GSHPx) , and rat catalase were isolated and used to 
synthesize antisense RNA probes for Northern and slot blot analysis 
of changes in SOD, GSHPx, and catalase gene expression during follicular 
maturation. In vivo priming of 25-day-old female rats for 2 days with 10 IU 
eCG, which promoted antral follicular growth and survival, increased levels 
of messenger RNA encoding SEC-SOD (216 +/- 9% of saline-treated controls, P 
< 0.05, n = 3) and Mn-SOD (222 +/- 14% of saline-treated controls, P < 
0.05, n = 3) vs. saline-treated controls . (ABSTRACT TRUNCATED AT 400 WORDS) 
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Antisense oligodeoxyribonucleotide down- regulation of bcl- 
2 gene expression inhibits growth of the low-grade non-Hodgkin 1 s 
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The BCL-2 gene product is involved in preventing apoptosis. 
The t{14,18) chromosomal translocation, which results in a fusion messenger 
RNA containing the entire coding region of BCL-2 and a portion 
of the immunoglobulin heavy chain gene, is commonly found in follicular 
lymphoma and appears to play a role in lymphomagenesis by inhibiting cell 
death. We tested the hypothesis that downregulation of BCL-2 
would decrease accumulation of follicular lymphoma cells by treating the 
t (14, 18) -carrying follicular lymphoma cell line WSU-FSCCL in vitro with 
antisense oligodeoxyribonucleotides (ODNs) directed against BCL 
-2 . We found dose-dependent, sequence-specific inhibition of cell 
accumulation by an antisense unmodified ODN directed at codons 2 to 
7, which downregulated BCL-2 protein levels. This effect was 
near maximal at an ODN concentration of 40 micrograms/mL (6.9 mumol/L) , 
with minimal toxicity by control sense, reverse, and mutated 
antisense ODN at the same concentration. The pre-B leukemia cell line 
REH showed no sequence-specific growth inhibition by the antisense 

ODN at these concentrations, and BCL-2 protein levels were not 
altered. These data suggest that WSU-FSCCL may be useful in a murine model 
to optimize antisense ODN for potential therapeutic utility. 
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The 5 Kd (MW) , retinoic acid responsive thymosin beta-10 protein is 
expressed at relatively high levels in embryonic tissues, and its mRNA is 
abundant in a variety of tumors and tumor cell lines. Recently this protein 
(together with other members of the same protein family) was found to be a 
major intracellular G-actin binding protein. In the present study, 
plasmid-driven overexpression of thymosin beta-10 gene results in increased 
susceptibility of permanently transfected fibroblasts to undergo apoptosis. 
Conversely, knockout of the endogenous gene via overexpression of the 
antisense mRNA inhibited cell death induced by TNF-alpha and calcium 
ionophore A23187. Differential expression of thymosin beta-10 influenced 
cell proliferation, cell morphology, and expression/distribution of the 
antiapoptotic protein bcl-2 . The presence of increased 
cytoplasmic thymosin beta-10 precipitated significant disruption of 
phalloidin-stained actin stress fibers while knockout of thymosin 
expression promoted F-actin assembly. These and other observations suggest 
that thymosin beta-10 (a) plays a significant and possibly obligatory role 
in cellular processes controlling apoptosis possibly by acting as an 
actin-mediated tumor suppressor, (b) perhaps functions as a neoapoptotic 
influence during embryogenesis, and (c) may mediate some of the 
pro-apoptotic anticancer actions of retinoids. 
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non-small cell lung cancer. 

Robinson LA; Smith LJ; Fontaine MP; Kay HD; Mount joy CP; Pirruccello SJ 
Division of Cardiovascular and Thoracic Surgery, University of South 

Florida, H. Lee Moffitt Cancer Center and Research Institute, Tampa 

33612-9497, USA. 

Annals of thoracic surgery (UNITED STATES) Dec 1995, 60 (6) 
pl583-91, ISSN 0003-4975 Journal Code: 683 
Languages : ENGLISH 
Document type: JOURNAL ARTICLE 

BACKGROUND: Mutation or deregulation of certain cellular genes 
(protooncogenes) results in expression of proteins that appear to promote 
malignant transformation. Human non-small cell lung cancer has been 
documented to express many such oncogenes including c-myc, bcl- 
2, and mutant p53. Antisense oligodeoxyribonucleotides (ASODN) 
complementary to these oncogenes were tested on three non-small cell lung 
cancer cell lines for their efficacy in inhibiting cellular proliferation 
and oncoprotein expression. METHODS: Established non-small cell lung cancer 
cell lines A427, SKMES-1, and A549 were grown in the presence of ASODNs 
complementary to messenger RNA of c-myc, bcl-2 , p53, or 
controls at 1 mumol/L or 10 mumol/L concentrations for 4 or 10 days. 
Cellular proliferation was measured by tritiated thymidine uptake. Flow 
cytometry was used to quantitate oncoprotein expression. Intranuclear ASODN 
uptake was documented by f luoresceine-tagged ASODNs. RESULTS: 



Fluoresceine-tagged ASO^ were readily taken up by all cs^l lines, c-myc, 
as well as bcl-2 ancfl53 ASODNs, were found to Wpit 
proliferation of all cen lines significantly compared wM controls, most 
notably in line A549 (40.1% +/- 7.1% of control, p = 0.000 with c-myc 
ASODN) . Antisense c-myc reduced c-myc protein by as much as 71.3. in 
A427 although protein levels were only minimally reduced in the viable 
cells of the other lines. CONCLUSIONS: c-myc ASODNs inhibit proliferation 
of non-small cell lung cancer cell lines as well as reduce c-myc protein 
expression. Antisense bcl-2 and p53 also cause similar 

growth inhibition. These results suggest a critical role for activation of 
these oncogenes in the growth of cultured lung cancer cells. Furthermore, 
the efficacy and rapid cellular uptake of ASODNs support the potential role 
of antisense targeting of oncogene expression for pharmacologic 
control of non-small cell lung cancer. 
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The human immunodeficiency virus type-1 Tat protein upregulates Bel 
-2 gene expression in Jurkat T-cell lines and primary peripheral 
blood mononuclear cells. . 
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The regulatory Tat protein of human immunodeficiency virus type-1 (HIV-1) 
exerts a pleyotropic activity on the survival and proliferation of 
different cell types in culture. In this report, we investigated the effect 
of either endogenous or exogenous Tat on Bcl-2 proto-oncogene 
expression and cell survival in Jurkat T-cell lines and primary peripheral 
blood mononuclear cells. Stable and transient transf ections of Jurkat cells 
with the cDNA of tat and a plasmid containing Bcl-2 promoter in 
front of CAT (Bcl-2 Pr/CAT) stimulated CAT activity and showed 
an increase of Bcl-2 mRNA and protein expression. This effect 
was specifically related to tat, because Jurkat cells transfected with the 
cDNA of tat in antisense orientation, tat carrying a mutation in the 
amino acid cys22-gly22, or the control vector alone (pRPneo-SL3) did not 
show any significant difference in Bcl-2 promoter activity with 
respect to parental Jurkat cells. We also observed a specific correlation 
between tat-induced Bcl-2 gene expression and inhibition of 
apoptosis induced by serum withdrawal. Our results suggest that the 
structural integrity of the activation domain of Tat was required for the 
promotion of the Bcl-2 promoter and Jurkat cell survival, 
because a single mutation in the aminoacid cys22 was sufficient to 
completely block the upregulation of Bcl-2 and inhibition of 
apoptosis. Moreover, picomolar concentrations of native or recombinant Tat 
were able to upregulate Bcl-2 expression both in Jurkat and 
primary peripheral blood mononuclear cells, suggesting that extracellular 
Tat, actively released by infected cells, may also play a significant role 
in suppressing apoptosis. An aberrant cell survival of lymphoid cells 
consequent to the upregulation of Bcl-2 may represent an 
additional pathogenetic mechanism that could help explain both the 
dysregulated immune response and the frequent occurrence of 
hyperplastic/neoplastic disorders in HIV-l-seropositive individuals. 
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Prostaglandin endoperoxide synthase 2, also referred to as cyclooxygenase 
2 (COX-2), is a key enzyme in the conversion of arachidonic acid to 
prostaglandins and other eicosanoids. Rat intestinal epithelial (RIE) cells 
were permanently transfected with a COX-2 expression vector oriented in the 
sense (rie-S) or antisense (RIE-AS) direction. The RIE-S cells 
expressed elevated COX-2 protein levels and demonstrated increased adhesion 
to extracellular matrix (ECM) proteins. E-cadherin was undetectable in 
RIE-S cells, but was elevated in parental RIE (RIE-P) and RIE-AS cells. 
RIE-S cells were resistant to butyrate-induced apoptosis, had elevated BCL2 
protein expression, and reduced transforming growth factor beta 2 receptor 
levels. The phenotypic changes involving both increased adhesion to ECM and 
inhibition of apoptosis were reversed by sulindac sulfide (a COX 
inhibitor) . These studies demonstrate that overexpression of COX-2 leads to 
phenotypic changes in intestinal epithelial cells that could enhance their 
tumorigenic potential. 
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The BCL2 major breakpoint region is a sequence- and cell-cycle-specific 
binding site of the Ku antigen. 
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The majority of translocations involving BCL2 are very narrowly targeted 
to three breakpoint clusters evenly spaced over a 100-bp region of the 
gene's terminal exon. We have recently shown that the immediate upstream 
boundary of this major breakpoint region (mbr) is a specific recognition 
site for single-strand DNA (ssDNA) binding proteins on the sense and 
antisense strands. The downstream flank of the mbr is a helicase 
binding site. In this report we demonstrate that the helicase and ssDNA 
binding proteins show reciprocal changes in binding activity over the cell 
cycle. The helicase is maximally active in Gl and early S phases; the ssDNA 
binding proteins are maximally active in late S and G2/M phases. An 
inhibitor of helicase binding appears in late S and G2/M. Finally, at least 
one component of the helicase binding complex is the Ku antigen. Thus, a 
protein with helicase activity implicated in repair of double-strand 
breaks, variable (diversity) joining recombination, and, potentially, 
cell-cycle regulation is targeted to the BCL2 mbr. 
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BCL-2 expression by leukaemic blasts in a SCID mouse model of 
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Acute leukaemia of infancy is associated with abnormalities at chromosome 
band llq23, and has a poor prognosis. The gene involved. Mixed Lineage 
Leukaemia (MLL) , has been identified and has the characteristics of a 
transcription factor. The BCL-2 gene responsible for blocking 
of programmed cell death is highly expressed in a number of haematological 
malignancies, both with and without the t(14;18) translocation. Those 
without the translocation include acute lymphoblastic leukaemia (ALL) , 
acute myeloid leukaemia (AML) and chronic lymphocytic leukaemia (CLL) . In 
these diseases the BCL-2 protein is implicated in drug 
resistance to apoptosis-inducing chemotherapeutic agents. High BCL- 
2 expression is also associated with autonomous growth of leukaemic 
blasts in culture and predicts a poor prognosis. The SEM cell line, 
established using blood lymphoblasts from a 5-year-old girl in first 
relapse with t(4;ll) ALL, expresses lymphoid (CD19) and myeloid (CD13) cell 
surface markers. In cell culture, a subpopulation of cells (< 30%) express 
the BCL-2 protein. A reproducible model of true biphenotypic 
leukaemia in the SCID mouse has been established using the SEM-K2 cell line 
(a subclone of the SEM cell line) . Between 5 and 50 million cells injected 
intravenously (i.v.) produce complete replacement of the murine bone marrow 
by day 30, associated with blood lymphoblastosis and infiltration of the 
spleen. No tumour masses were seen. Fluorescence in situ hybridization 
(FISH) analysis of the cell line and blood from the SCID-human (SCID-hu) 
chimaera has confirmed the presence of the t(4;ll). Reverse 
transcriptional-polymerase chain reaction (RT-PCR) reveals that the 
breakpoint lies between exons 7 and 8 of the MLL-1 gene on chromosome 11 
(the main breakpoint region). A further translocation, t(7;13), has been 
identified. Fluorescent antibody cell sorter (FACS) analysis of tumour 
material recovered from the SCID-hu model confirms expression of CD19 and 
CD13 identical to that of the cell line. In addition, BCL-2 

expression in SCID-hu marrow is now seen in the majority of tumour cells. 
BCL-2 expression appears to confer a survival advantage to the 
blast cells in vivo. This reproducible model of biphenotypic leukaemia 
suggests that BCL-2 expression may play a role in 
leukaemogenesis . The model is suitable for the investigation of 
gene-targeted therapy, including antisense oligonucleotides, directed 
towards the MLL and BCL-2 genes . 
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Recent studies have shown that the Bcl-2 protein suppresses 
programmed cell death or apoptosis induced by a variety of stimuli 
including chemotherapeutic drugs. Because estrogen promotes the survival of 



estrogen-dependent bre<^fc cancer cells in vivo, we ii^^tigated whether 

estrogen might regulatl^evels of Bcl-2 gene expression^R an 

estrogen-responsive human breast cancer cell line. Estrogen 
receptor-positive MCF-7 human breast cancer cells cultured in the presence 
of estrogen express the 8.5-kb Bcl-2 mRNA transcript. Depletion 
of estrogen from the medium results in loss of expression of the mRNA, 
whereas reexposure to estrogen markedly induces the Bcl-2 
transcript. The changes in Bcl-2 mRNA are paralleled by 
changes in Bcl-2 protein levels. Estrogen-induced increases in 
Bcl-2 are significantly inhibited by inclusion of the pure 
antiestrogen ICI 164, 384 in the medium. The Bax protein that 
heterodimerizes with Bcl-2 and promotes cell death is expressed 
in MCF-7 cells grown in the presence of estrogen and is unaffected by 
culture in estrogen-free medium. Estrogen depletion doubles the sensitivity 
of MCF-7 cells to the cytotoxic effects of Adriamycin compared with cells 
cultured in medium supplemented with estrogen, consistent with a decrease 
in the Bcl-2 levels. MCF-7 cells treated simultaneously with 
estrogen and ICI 164,384 exhibit markedly lower resistance to Adriamycin 
compared with cells treated with estrogen alone. In the absence of 
estrogen, MCF-7 cells transfected with Bcl-2 expression 
plasmids display a marked increase in resistance to Adriamycin. In the 
presence of estrogen, MCF-7 cells expressing Bcl-2 
antisense transcripts are rendered twice as sensitive to acute 
Adriamycin cytotoxicity as a control clone. We conclude that estrogen can 
promote resistance of estrogen receptor bearing human breast cancer cells 
to chemotherapeutic drugs through a mechanism that involves regulation of 
the Bcl-2 proto-oncogene. 
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We have shown that the ability of the human follicular lymphoma-derived 
cell line SU-DHL-6 to proliferate and survive in vitro depends on both 
Bcl _2 expression and multiple autocrine growth factors. 
Treatment with Bcl-2 antisense (AS Bcl-2) 

decreased Bcl-2 protein levels. However, a cytotoxic effect was 

seen only at very restricted cell densities. Below such densities cells 

underwent spontaneous death without any treatment, while above these cell 

densities no cytotoxic effect of AS Bcl-2 could be seen. The 

conditioned medium of SU-DHL cells supported the survival and growth of 

these cells cultivated at low cell densities and partially reversed the 

cytotoxicity associated with Bcl-2 depletion. RT/PCR analysis 

reV ealed autocrine expression of IL-1 beta, IL-2, IL-5 and TNF-beta in 

SU-DHL cells. Neutralizing antibodies against these cytokines inhibited 

SU-DHL proliferation. Thus, development of autocrine GF secretion may be 

the second step in the pathogenesis of follicular lymphomas. 
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Programmed cell death (PCD) has been observed in a wide variety of cell 
types in response to physiologic signals or types of stress. How these 
stimuli trigger PCD, and whether there is a common PCD signal transduction 
pathway, is not clear. As more genes are described that may participate in 
or regulate PCD, an assay system in which gene products can easily be 
introduced and/or modulated would be of great value. To avoid the 
generation and screening of multiple individual stable cell transf ectants, 
a simple transient transf ection death assay has been developed. 2B4.11, a 
murine T cell hybridoma, was transfected by electroporation with a 
constitutively active beta-galactosidase reporter gene and the cells were 
incubated in culture medium or with a PCD-inducing stimulus. The amount of 
beta-galactosidase activity remaining in the intact cells at the end of the 
culture period represented only viable transfected cells. Bcl-2 
was chosen to examine whether this system would be useful to study the 
effect of transiently transfected genes since it blocks PCD in a number of 
experimental systems. Consistent with data obtained using stable 
transf ectants, transient expression of Bcl-2 in 2B4.11 
completely protected cells from glucocorticoid- and cytotoxic agent-induced 
PCD. This protection from death was confirmed at the individual cell level 
by the transient co-expression of a class I Ld surface antigen and flow 
cytometric analysis. Some of the advantages of the transient transf ection 
death assay described here are; (1) the simple and sensitive 
beta-galactosidase assay, (2) the rapidity of the assay, (3) the ability to 
perform conventional viability assays to monitor treatment-induced 
cytotoxicity, (4) multiple gene products can be tested alone, and in 
combination, (5) antisense or dominant negative approaches can be 
used, and (6) the adaptability of this assay system to other cell types, 
transf ection techniques, or reporter and expression vectors. The transient 
transfection death assay should make it easier to identify and order 
important steps in the PCD signal transduction pathways. 
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We describe an in vitro model for prostate cancer treatment that suggests 
a potential benefit for combined androgen ablation and cytotoxic 
chemotherapy. Androgen treatment of the LNCaP hormone-dependent human 
prostate cancer cell line induces increased expression of the BCL- 
2 protein. Increased levels of this protein are known to mediate 
inhibition of apoptosis. LNCaP cells, however, did not undergo apoptosis in 
response to androgen withdrawal. Etoposide exerts its cytotoxicity on LNCaP 
and other cells by inducing apoptosis. In vitro etoposide cytotoxicity was 
diminished 83% in the presence of either 10 (-8) M dihydrotestosterone or 



10 (-9) M R1881 in LNC^ cells. The interaction beteen androgen and 
etoposide was mediate^«:hrough the BCL-2 protein, Ance 
bcl-2 antisense oligoni-Keotides blocked the protective^^ 

effect of androgens on etoposide cytotoxicity. 
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We have previously shown that blasts from acute myeloid leukaemia (AML) 
patients which grow autonomously in culture have high bcl-2 
expression which in turn has been linked to a poor clinical response to 
chemotherapy. The bcl-2 protein promotes cell survival by 
preventing the onset of apoptosis or programmed cell death following 
growth- factor deprivation. Bcl-2 has also been shown to be 
responsible for chemo-resistance in human leukaemic cell lines. Here we 
have investigated the role of bcl-2 expression in mediating 
resistance to apoptosis induced by cytosine arabinoside in vitro. The 
blasts from 17 AML patients exhibiting autonomous growth in a blast cell 
colony assay and expressing high levels of bcl-2 protein were 
studied. Incubation of the blasts with antisense oligonucleotides 
directed against bcl-2 mRNA resulted in a significant decrease 
in expression of the bcl-2 protein in seven of the 17 samples. 
In these seven cases the decreased expression of bcl-2 was 
accompanied by increased apoptosis and the susceptibility of the blasts to 
apoptosis induced by Ara-C was increased in the presence of bcl- 
2 antisense. As a high level of bcl-2 defines a 

group of AML patients who exhibit a poor response to chemotherapy, the 
demonstration that chemosensitivity of a significant proportion of these 
patients can be increased by bcl-2 antisense suggests 
this approach may have clinical potential. 
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The mammalian mel-18/bmi-l gene products share an amino acid sequence and 
a secondary structure, including a RING-finger motif, with the Drosophila 
Polycomb group (PcG) gene products Psc and Su(z)2, implying that they 
represent a gene family with related functions. As Drosophila PcG gene 
products are thought to function as transcriptional repressors by modifying 
chromatin structure, Mel-18/Bmi-l might be expected to have similar 
activities. Here we have analyzed the function of mel-18 and found that 
Mel-18 acts as a transcriptional repressor via its target DNA sequence, 



5 1 -GACTNGACT-3 1 . Interestingly, this binding sequence _i s found within 
regulatory or non-codi^fc regions of various genes, ir^^ding the c-myc, 

bcl-2 and Hox genes, su^^sting diverse functions of mel^B as 
the mammalian homolog of the PcG gene. We also demonstrate that mel-18 has 
tumor suppressor activity, in contrast to bmi-1, which has been defined as 
a proto-oncogene . 
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CD40L, a membrane protein of activated T cells, interacts with the B cell 
receptor CD40. This interaction has been implicated in the rescue of 
germinal center B cells from apoptosis and in the rescue of WEHI-231 B 
lymphoma cells from slg-induced apoptosis. In this report, we have 
demonstrated that the signal mediated by CD40L acts upon bcl-x, a bcl 
-2 homologue. bcl-x expression is strongly enhanced by CD40 receptor 
engagement, while there is little or no induction by slg cross-linking. The 
expression of bax and bcl-2 is not significantly affected by 
either CD40L or slg cross-linking. Antisense but not sense 
phosphorothioate oligonucleotide for bcl-x can partially block this 
CD40-mediated apoptotic rescue. This result suggests that the up-regulation 
of bcl-x by CD40L plays an important role in CD40-mediated apoptotic rescue 
in murine B cells. 
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Relatively little is known about oncogene involvement in the regulation 
of Fas-mediated apoptosis. Inhibition of Fas-induced cell death by the 
bcl-2 oncogene has been demonstrated to be only partial. In 
light of a growing body of evidence for the Abl kinase as a negative 
regulator of cell death, we sought to determine whether Abl expression 
could protect against Fas-mediated cell death. To address this question, we 
utilized two separate strategies. In the first, we expressed human Fas in 
K562, a chronic myelogenous leukemia cell line, which constitutively 
expresses bcr-abl and examined the effects of Fas ligation in these cells. 
Fas-positive K562 transf ormants (K562.Fas) were found to be protected 
against Fas-mediated cell death . However, down-regulation of Bcr-Abl 
protein levels in K562.Fas cells using antisense oligonucleotides 
targeted to bcr-abl mRNA rendered these cells highly susceptible to 
Fas-induced death. In the second approach we utilized a Fas-positive HL-60 



cell line, which we ^fcnsfected with a temperature-s^iitive mutant of 
v-Abl HL-60. v-Ablts ^Pnsfectants were found to ^Jprotected from 
Fas-induced apoptosis at the permissive but not the restrictive temperature 
for the Abl kinase. Taken together, these observations identify the Abl 
kinase as a negative regulator of Fas-mediated cell death. Since Abl was 
also found to block apoptosis mediated by ceramide, a recently proposed 
downstream effector of the apoptotic pathway initiated by Fas, we propose 
that Abl exerts its protective effects downstream of the early 
Fas-initiated signaling events. 
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When human promyelocytic leukemia cell line HL-60 was treated with 
various dif f erentiation-inducers, apoptosis always occurred after the full 
appearance of differentiation-related phenotypes. However, the two 
phenomena could be dissociated when HL-60 cells were treated with PDBu. 
When HL-60 cells were cultured with PDBu for more than 36 h, apoptosis was 
induced following differentiation. Apoptosis was not, however, observed 
when PDBu was removed within 24 h, even though induction of 
differentiation-related phenotypes, such as NBT-reducing ability and 
surface marker expression, was the same as that in the control. Northern 
blot analysis revealed that bcl-2 mRNA was rapidly 
down-regulated within 6 h of the treatment with PDBu. The amount of 
bcl-2 mRNA recovered to that of undifferentiated HL-60 cells 
when PDBu was washed out within 24 h. In contrast, the recovery of 
bcl-2 was incomplete when the cells were treated with PDBu for 
more than 36 h, suggesting that bcl-2 is also a critical 
regulator of the cell fate during myeloid differentiation. This hypothesis 
was confirmed by experiments using antisense oligonucleotides, i.e., 
blocking the recovery of bcl-2 mRNA by antisense 

oligonucleotides could result in the induction of apoptosis in HL-60 cells 
from which PDBu was removed within 24 h. Moreover, overexpression of 
BCL-2 in HL-60 cells could block apoptosis during 
differentiation without any significant effect on differentiation itself. 
These results strongly suggest that apoptosis is not a simple consequence 
of differentiation-induction, and that apoptosis and differentiation are 
regulated independently in myeloid cells. 
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The use of antisense oligonucleotides as a therapeutic tool in 



modulating gene expresj^n represents a newly established strategy for 
treating diseases. Such Mgomers may be designed to comment a region of 
a specific gene or messelfer RNA. Using this approach, o^bnucleotides can 
serve as a potential block of transcription or translation through 
sequence-specific hybridization with targeted genetic segments. In the 
Fourth Meeting of the Italian Society of Experimental Hematology 
"Discutiamone Insieme", authors reported the use of in vitro synthesized 
oligonucleotides to inhibit normal and chimeric gene expression of 
bcl-2 in normal and neoplastic cell lines, respectively, that 
carry the t(14;18) translocation. The roles of c-myb and B-myb in the 
control of the proliferation and differentiation of normal hematopoietic 
cell lines have been investigated by selective inhibition of the expression 
of specific transcripts. To get some insight into the correlation between 
proliferation and differentiation in myeloid cells, some authors studied 
and reported the differentiation potential of Gl-arrested cells obtained by 
a specific oligodeoxynucleotide complementary to the 5' region of the c-myb 
mRNA. The use of anti-P53 antisense oligos in the modulation of the 
growth of normal and neoplastic bone marrow progenitors was presented and 
confirmed the pivotal role of this gene in cell cycle control. The role of 
abl gene expression in normal and chronic myelogenous leukemia (CML) cells 
is not yet completely understood. Selective inhibition of this 
proto-oncogene and of the abl-bcr oncogene have been achieved by using of 
c-abl sequence specific antisense oligonucleotides; this approach 
sheds new light on the function of this gene in CML. (ABSTRACT TRUNCATED AT 
250 WORDS) 
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B cells have been shown to receive negative signals for their growth 
through crosslinking of surface IgM (slgM), and it has been demonstrated 
that anti-IgM Abs induce B cell death. Proliferation of B cells in response 
to Ag stimulation in vivo may thus require additional signals that inhibit 
the slgM-transduced negative signals. Signaling through CD40 has been 
proposed as a candidate for such costimulatory signals. To investigate the 
role of CD40-transduced signals in slgM-mediated B cell death, we used a 
human B cell line (DND-39) that expresses slgM, slgD, and CD40. 
Crosslinking of slgM, but not slgD, by Abs induced DND-39 cell death. The 
dying cells showed the morphology of apoptosis and DNA fragmentation. 
Anti-CD40 Abs induced homotypic adhesion of DND-39 cells and rescued them 
from anti-IgM Ab-induced cell death. Anti-CD40 Abs inhibited anti-IgM 
Ab-induced cell death when added within 3 h after stimulation with anti-IgM 
Ab. Treatment with Abs against CDlla, CD18, or CD54 inhibited not only the 
homotypic adhesion but also the inhibition of anti-IgM Ab-induced apoptosis 
by anti-CD40 Ab . CDlla antisense decreased the surface CDlla 
expression, the anti-CD40 Ab-induced homotypic adhesion, and the inhibitory 
effect of anti-CD40 Ab on anti-IgM Ab-induced apoptosis. The data show that 
LFA-l/ICAM-l-dependent cell adhesion induced by signaling through CD40 
plays an important role in the inhibition of anti-IgM Ab-induced apoptosis 
of DND-39 cells. 
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BACKGROUND: The bcl-2 gene becomes activated by 14; 18 
chromosomal translocations in the majority of low-grade non-Hodgkin 1 s 
lymphomas (NHLs) and is expressed at high levels in the absence of gene 
rearrangements in a high proportion of B-cell chronic lymphocytic leukemias 
(B-CLLs) . The protein encoded by bcl-2 contributes to 
neoplastic cell expansion by prolonging cell survival through its ability 
to block programmed cell death (apoptosis) . Because many chemotherapeutic 
drugs have been shown ultimately to kill tumor cells through mechanisms 
consistent with programmed cell death, we tested whether the relative 
levels of bcl-2 oncoprotein influence the sensitivity of 
lymphoma and leukemia cell lines to killing by conventional cytotoxic drugs 
commonly used in the treatment of cancer. METHODS: Leukemia cell lines with 
low levels of bcl-2 expression were stably infected with 
recombinant bcl-2 retroviruses to achieve elevations in 
bcl-2 protein levels. Lymphoma cell lines with high levels of 
bcl-2 expression as the result of 14; 18 translocations were 
either stably transfected with inducible bcl-2 antisense 
expression plasmids or treated with bcl-2 antisense 
oligonucleotides to achieve reductions in bcl-2 protein 
levels. The sensitivity of these genetically modified cells to killing by 
various antineoplastic drugs was then determined. RESULTS: Gene 
transfer-mediated elevations in bcl-2 protein levels in 
lymphocytic leukemia cell lines was correlated with markedly elevated 
resistance to killing by all cytotoxic drugs tested. Conversely, 
antisense-mediated reductions in bcl-2 protein levels in 

t (14; 18) -containing NHL cell lines resulted in enhanced sensitivity to all 
anticancer drugs. CONCLUSIONS: The relative levels of bcl-2 
oncoprotein represent one of the key determinants of the sensitivity of 
lymphocytic cells to killing by essentially all drugs currently available 
for the treatment of cancer. 
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Apoptosis is a new concept which could be of great importance in the 
understanding and treatment of cancer. An important feature is the 
discovery of inhibitors of apoptosis, because they induce resistance to 
chemotherapeutic drugs and irradiation. Bcl-2 is the most well 
known of these apoptosis inhibitors. When it is overexpressed cells are 
less sensitive to cytotoxic drugs; on the contrary, when it is 
underexpressed they are more sensitive. Clinically, bcl-2 




expression is associa^^i with a poor prognosis in^^everal cancers. 
Bcl-2 protein, p2 6-bcl^^ is located in the outer 

mitochondrial membrane, ^^he nuclear envelope and the j^TCoth endoplasmic 
reticulum. P26-bcl-2 is an antioxidant; this property could 
explain the anti-apoptotic activity since peroxides seem to be important 
mediators of apoptosis. Bcl-2 antisense oligonucleotides 

are able to reverse the apoptosis inhibition. New cancer treatments should 
take into account the expression of bcl-2. 
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When deprived of autocrine growth factors, Epstein-Barr virus 
(EBV) -immortalized B cells stop growing and die. In this study, we show 
that death of EBV-immortalized cells deprived of autocrine growth factors 
occurred by apoptosis. Cycloheximide, a protein synthesis inhibitor, 
inhibited apoptosis, suggesting that de novo protein synthesis is required. 
Because p53, Bcl-2, and c-Myc were previously implicated in the 
induction or prevention of apoptosis in other systems, we assessed their 
possible involvement here. Unlike normal cells that respond to growth 
factor deprivation by down-regulating c-Myc expression, EBV-immortalized 
cells continued to express c-Myc, p53, and Bcl-2 at levels 
comparable to those measured prior to starvation. Consistent with data 
demonstrating that c-Myc expression is sufficient to drive quiescent cells 
into the cell cycle, autocrine growth factor-deprived EBV-immortalized 
cells did not undergo growth arrest but rather continued to proliferate 
until death, which occurred randomly throughout the cell cycle. In contrast 
to EBV-immortalized B cells, normal peripheral blood B cells activated in 
vitro with anti-CD40 monoclonal antibody and interleukin 4 rapidly 
down-regulated c-Myc expression and underwent growth arrest in response to 
growth factors and serum deprivation. These findings demonstrated that 
c-Myc expression is deregulated in EBV-immortalized cells. Addition of 
antisense oligonucleotides to c-Myc specifically promoted the 
survival of starved EBV-immortalized cells and suppressed growth of 
nonstarved EBV-immortalized cells. Thus, deregulated expression of c-Myc in 
EBV-immortalized cells promotes proliferation and apoptosis following 
autocrine growth factor deprivation. 
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Tumor necrosis facto^fcipha (TNF) is a multif unctiona^fc^tokine which is 
cytotoxic for some tJ|^ cells and transformed ce« The molecular 
mechanisms which rendei: transformed and tumor cells^sensitive to the 
cytotoxic action of TNF are unclear. We show here that an increased 
expression of the c-Myc oncoprotein strongly increases cellular sensitivity 
to TNF cytotoxicity. In RatlA fibroblasts, which are resistant to TNF, the 
addition of TNF with a concomitant activation of a hormone-inducible 
c-Myc-estrogen receptor chimera (MycER) resulted in apoptotic cell death. 
Similarly, c-Myc overexpression enhanced the sensitivity of NIH3T3 
fibroblasts to TNF-induced death. The c-Myc and TNF-induced apoptosis was 
inhibited by ectopic expression of the Bcl2 oncoprotein and by the free 
oxygen radical scavenging enzyme Mn superoxide dismutase. Furthermore, in 
highly TNF-sensitive fibrosarcoma cells, antisense c-myc 
oligodeoxynucleotides caused a specific inhibition of TNF cytotoxicity. Our 
results suggest that the deregulation of c-Myc, which is common in human 
tumors and tumor cell lines is one reason why these cells are TNF 
sensitive . 
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In this report, we show that the overexpression of tissue 
transglutaminase { tTG) in the human neuroblastoma cell line SK-N-BE(2) 
renders these neural crest-derived cells highly susceptible to death by 
apoptosis. Cells transfected with a full-length tTG cDNA, under the control 
of a constitutive promoter, show a drastic reduction in proliferative 
capacity paralleled by a large increase in cell death rate. The dying 
tTG-transf ected cells exhibit both cytoplasmic and nuclear changes 
characteristic of cells undergoing apoptosis. The tTG-transf ected cells 
express high Bcl-2 protein levels as well as phenotypic neural 
cell adhesion molecule markers (NCAM and neurofilaments) of cells 
differentiating along the neuronal pathway. In keeping with these findings, 
transfection of neuroblastoma cells with an expression vector containing 
segments of the human tTG cDNA in antisense orientation resulted in a 
pronounced decrease of both spontaneous and retinoic acid (RA) -induced 
apoptosis. We also present evidence that (i) the apoptotic program of these 
neuroectodermal cells is strictly regulated by RA and (ii) cell death by 
apoptosis in the human neuroblastoma SK-N-BE(2) cells preferentially occurs 
in the substrate-adherent phenotype. For the first time, we report here a 
direct effect of tTG in the phenotypic maturation toward apoptosis. These 
results indicate that the tTG-dependent irreversible cross-linking of 
intracellular protein represents an important biochemical event in the 
induction of the structural changes featuring cells dying by apoptosis. 
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The t{14;18) translocation is found in the majority follicular lymphomas 
and some high grade B-cell lymphomas. This is results in deregulation of 
the BCL-2 gene and appears to play a role in oncogenesis. 
Various numbers of cells from a cell line derived spontaneously from a 
patient with B-cell lymphoma bearing the t{14;18) translocation and 
negative for the Epstein-Barr virus (EBV) were injected by IP, IV, and SC 
routes into SCID mice. The mice developed lymphoma bearing the t(14;18) 
translocation with as few as 5 x 10(6) cells within 28 days. This was 
determined by histological examination. The higher the cell inoculation the 
more rapidly the lymphoma developed. Engraftment of the tumour cells was 
determined by PCR for the t(14;18) breakpoint region on peripheral blood 
samples and could be detected prior to development of overt lymphoma. 
Having established a lymphoma model the cells were treated with 
antisense oligonucleotides to the first open reading frame of the 
BCL-2 gene prior to inoculation of the SCID mice. Control 
treatments with sense and nonsense oligonucleotides was also performed. At 
28 days the sense, nonsense and untreated cell SCID mice had developed 
lymphoma, however, the antisense treated group failed to develop 
lymphoma. The findings demonstrate the modelling of B-cell lymphoma bearing 
the t(14;18) translocation and the ability to modify the lymphoma process 
with the use of antisense oligonucleotides to the BCL-2 

gene. Reduction of the BCL2 protein suppresses the oncogenic potential of 
these lymphoma cells confirming that it plays an essential role in the 
development of malignancy. 
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Previous studies have shown that the BCL-2 protooncogene 
encodes a mitochondrial protein that promotes cell survival by blocking 
programmed cell death. Bcl-2 protein has been detected in 
normal immature myeloid cells and in acute myeloid leukemia (AML) cells. To 
assess its functional role in normal and leukemic hematopoiesis, we 
performed serum-free cultures of CD34+ normal marrow cells, of bcl- 
2-positive myeloid lines, and of AML cells in the presence of 
bcl-2 sense, nonsense, and antisense phosphorothioate 
oligodeoxynucleotides. In all antisense-treated cultures, we observed 
(1) an inhibition of bcl-2 protein expression by day 4 to 6 of 
culture; (2) a decrease in cell survival duration; and (3) a decrease in 
the number of clonogenic cells present in the culture. Moreover, exposure 
to chemotherapeutic drugs resulted in more effective killing of AML cells 
in the presence of antisense oligomers. We conclude that bcl- 
2 protein is necessary for the survival of myeloid cells in culture, 
and that it may be implicated in the resistance of AML cells to 
chemotherapy. 
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The Two Signal: Death/Survival Model suggests that cellular proliferation 
and physiological cell death should be intimately associated such that, in 
the absence of external influences, a normal cell departing from rest will 
have an equal probability of undergoing either process. The c-Myc 
protooncogene product has been implicated in cell cycle progression and in 
the control of gene expression, and more recently c-Myc has also been seen 
to promote apoptotic cell death. As predicted from the model, c-Myc-induced 
apoptosis is inhibited by growth factors or other anti-apoptotic signals 
including those provided by some oncogenes. Here, we discuss experiments 
that test the Two Signal: Death/Survival Model in the phenomenon of 
activation-induced apoptosis in T-cell hybridomas. Ligation of the antigen 
receptor on these cells leads to activation, resulting in cytokine 
production and apoptosis. Inhibition of c-Myc expression by addition of 
antisense oligodeoxynucleotides or transforming growth factor beta 
inhibits this form of apoptosis. Because c-Myc is known to bind to several 
cellular proteins, including Max, we further examined the effects of 
expression of a dominant negative Max on activation-induced apoptosis. We 
found that this Max mutant, which interferes with the function of the 
Myc/Max heterodimer, inhibits the induction of apoptosis by antigen 
receptor ligation. Thus, both Myc and Max play roles in activation-induced 
apoptosis, presumably via control of gene expression. Further, as 
predicted, signals generated from growth factor receptors or the v-Abl 
oncogene interfere with activation-induced apoptosis. In contrast, the 
anti-apoptotic effects of Bcl-2 are not active in this form of 
apoptosis. Finally, a role for Fas/Fas-ligand interactions in 
activation-induced apoptosis is considered. 
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The bcl-2 gene is expressed in many types of human tumours 
and becomes transcriptionally deregulated in the majority of non-Hodgkin 1 s 
lymphomas as the result of t(14;18) chromosomal translocations. The 26-kDa 
Bcl-2 protein has been shown to block programmed cell death 
(apoptosis) induced by many types of stimuli, including a wide variety of 
chemotherapeutic drugs and radiation. The presence of bcl-2 in 
tumor cells has been correlated with poor responses to therapy in patients 
with some types of cancer. To explore further the relevance of bcl- 
2 to drug resistance, we used antisense (As) approaches to 
achieve reductions in the levels of steady state Bcl-2 protein 
levels in t ( 14; 18 ) -containing human lymphoma cell lines. Both synthetic 
bcl-2 -As oligonucleotides and inducible expression plasmids 
that produce bcl-2-As transcripts induced reductions in 
bcl-2 expression, resulting in a marked enhancement in the 
sensitivity of neoplastic cells to conventional chemotherapeutic drugs such 
as cytosine arabinoside (ara-C) and methotrexate (MTX) . These results 
suggest that novel therapeutics targeted against bcl-2 could 
provide the means for improved treatment of cancer by affecting 
physiological pathways distal to the targets of cytotoxic drugs. 
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Single ultraviolet (u.v. ) irradiation of mammalian cells in culture 
evokes the transcriptional activation of various proto-oncogenes, among 
them members of the fos/jun family which are known to play an important 
role in cell proliferation and differentiation, u.v. exposure of mammalian 
skin results in growth arrest and cell death followed by hyperprolif eration 
of epidermal cells. To obtain information in vivo about a possible 
relationship between u.v. -induced proto-oncogene expression and cellular 
alterations, we have analysed the expression of c-fos, fosB, c-jun, junB, 
bcl-2 and bax in rat epidermis after single and chronic u.v. 
irradiation. We present data demonstrating that the transcripts of these 
genes are constitutively expressed in the epidermis and that expression is 
differentially modulated by u.v. exposure. Single u.v. irradiation causes a 
rapid and sustained increase in c-jun, junB and c-fos mRNA and a decline in 
bcl-2 transcripts, whereas expression of bax remained 
unchanged. c-Fos and c-Jun immunoreactivity was localized throughout the 
epidermal cell layers 1.5 h after single irradiation, but restricted to 
basal cells at 48 h suggesting an involvement in both u.v. -induced 
apoptosis and hyperprolif eration . 48 h after chronic exposure a 



significantly higher ind^Aion and a totally different paU^rn of epidermal 
proto-oncogene expressi^^ was detectable which may ^^associated with 
malignancy. Superfusion of rat skin with c-f oWantisense 

oligodeoxynucleo tides inhibited the increase in c-Fos immunolabeled 
epidermal cells 1.5 h after single u.v. irradiation demonstrating that 
antisense oligodeoxynucleotides are capable of penetrating mammalian 
skin and modulating the u.v. response in vivo. However, suppression of the 
early c-Fos activation did not significantly affect the formation of 
sunburn cells in the u.v. -exposed epidermis. Thus, c-Fos does not seem to 
play a major role in u.v. -induced apoptosis or other members of the fos/jun 
family may compensate for a loss in c-Fos. 
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Chromosomal translocation and subsequent de-regulation of the c-myc 
proto-oncogene are considered to be critical events in the multi-stage 
evolution of Burkitt lymphoma (BL) . It is widely accepted that Myc protein 
functions as a competence factor for proliferation. However, recent studies 
indicate that it can also act in some cell types as a regulator of 
apoptosis. BL cell populations display a high frequency of apoptosis in 
vivo, a property which is also readily demonstrable in vitro in group I BL 
cell lines. Such lines are known to retain the cell surface marker 
characteristics of the parental tumour cells and, in the case of 
Epstein-Barr virus-positive tumours, their restricted viral protein 
expression. We have shown previously that apoptosis in a group I BL cell 
line is inhibited by interferon (IFN) -alpha. Here we show that 
IFN-alpha-mediated suppression of apoptosis in group I BL cells corresponds 
temporally with inhibition of Myc protein levels. Furthermore, inhibition 
of Myc expression following treatment with c-myc anti-sense 
oligonucleotides markedly enhanced survival of group I BL cells. These 
results indicate that, whilst c-myc may facilitate cycling of tumour cells 
in which it is de-regulated, it also stimulates their apoptosis. 
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Expression of the bcl-2 gene becomes deregulated in many 
non-Hodgkin lymphomas as the result of t(14;18) chromosomal translocations. 
Because bcl-2 regulates the survival of cells, and because its 
over-expression is associated with cellular resistance to killing by 
chemotherapeutic drugs and gamma-irradiation, this gene and its mRNA and 
protein products represent ideal targets for designing novel therapeutic 
strategies for the treatment of cancer. Here we describe the effects of an 
18-mer phosphodiester oligonucleotide that is complementary to the first 6 
codons of the bcl-2 mRNA's open reading frame. When tested for 
inhibition of in vitro protein synthesis using RNAse-H-supplemented 
reticulocyte lysates and RNA prepared by in vitro transcription of a human 
bcl-2 cDNA, the bcl-2 antisense (AS) oligomer 

completely abolished Bcl-2 protein production at 10 microM, but 
had no effect on the in vitro translation of a chicken bcl-2 
RNA that contained three mismatches relative to the oligomer binding site 
on the human bcl-2 RNA. A control 18-mer having the same base 
composition as the AS oligomer but with scrambled order (SC) was not 
inhibitory. Addition of AS and SC oligomers to cultures of a NIH-3T3 
fibroblast cell line that had been stably infected with a recombinant 
retrovirus containing the same human bcl-2 cDNA used for in 
vitro transcription/translation experiments revealed concentration-dependen 
t reductions in the relative levels of the 26-kD human Bcl-2 
protein (as determined by immunoblotting) by the AS but not by the SC 
oligomer. Similar results were obtained when AS and SC oligomers were 
applied to a t ( 14 ; 18 ) -containing lymphoma cell line SU-DHL-4 that was 
cultured in low-serum media. When used at 200 microM, the bcl-2 
AS oligomer produced 84-95% reductions in Bcl-2 protein levels 
in SU-DHL-4 cells but had relatively little effect on the levels of other 
mitochondrial control proteins, suggesting that the inhibitory effects were 
specific. Treatment of SU-DHL-4 cells with AS oligomer lead to essentially 
complete loss of bcl-2 mRNA from cells within 1 day of addition 
to cultures, but presumably because of the long half-life of the Bcl- 
2 protein (approximately 14 h) , commensurate reductions in Bcl- 
2 protein levels did not occur until 3 days . (ABSTRACT TRUNCATED AT 
400 WORDS } 
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Previous studies have shown that bcl-2 overexpression can 
inhibit apoptosis induced by DNA-damaging agents widely used in cancer 



chemotherapy, inclu^gg X-irradiation, alkylating *? ents 

(hydroperoxycyclophosph^Pe, etc.), and topoisomerc» II inhibitors 
(etoposide, etc.). However, little is known about theWhanism by which 
bcl-2 overexpression inhibits apoptosis triggered by these 
agents In this study, we examined whether bcl-2 overexpression 
could have effects on etoposide-induced DNA damage and its repair. For 
these experiments, we developed CH31 clones (mouse B-cells) stably 
transfected with human bcl-2 sense plasmids and compared these 
clones with a parental CH31 clone or CH31 clones with antisense 

plasmids. Overexpression of bcl-2 protein inhibited 
etoposide-induced apoptosis and cytotoxicity. However, there was no or 
little difference in the production and repair of DNA-protein cross-links, 
DNA single-strand breaks, and double-strand beaks among a parental CH31 
clone and CH31 clones with human bcl-2 sense or antisense 

plasmids. These findings indicate that (a) apoptosis or cytotoxicity 
induced by etoposide can be separated into early events (formation of 
double-strand breaks, DNA single-strand breaks, and double-strand breaks) 
and later events (secondary DNA fragmentation or cell death) and (b) 
bcl-2 inhibits apoptosis and cytotoxicity induced by etoposide 
at some steps between these events. 
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Participation of leukotriene products in normal ex vivo hematopoiesis is 
well established. With increasingly specific inhibitors of lipoxygenases, 
it becomes possible to more closely define any participation of their 
biosynthetic products in these events. We cultured chronic myelogenous 
leukemia cells from the peripheral blood of several patients in blast 
crisis with three inhibitors of lipoxygenases: ETYA, and the more selective 
A63162 (Abbott) or SC41661A (Searle) . All three agents reduced labelling of 
DNA with H3 thymidine measured at 4 h and reduced cell numbers by 72 h. An 
antisense deoxyoligonucleotide to the 5-lipoxygenase mRNA 'start 1 
codon inhibited DNA synthesis at 24 h, as did two control oligonucleotides. 
Marked nuclear ultrastructural changes characteristic of apoptosis were 
induced by SC41661A in a subset of cells with the ultrastructure of 
promyelocytes. Whether this response characterizes a common pattern of this 
subset of leukemic cells to SC41661A, if damage to mitochondria with 
reduced function of bcl-2 protooncogene product located at that 
site might have contributed or some other mechanism was responsible, and if 
inhibition of 5-lipoxygenase activity was involved, are questions to be 
decided in the future. 
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To understand the role of individual genes in regulating biological 
processes, one must be able to interfere specifically with either their 
expression or function. While monoclonal antibodies have proven very useful 
in studying cell surface proteins, the specific inhibition of intracellular 
proteins in viable cells is a much more difficult problem. The goal of 
antisense technology is to develop small oligonucleotides, plasmids, 
or retroviral vectors which can be readily introduced into living cells in 
order to inhibit specific gene expression. In this review, we briefly 
describe the principles of antisense usage, including problems of 
cellular uptake and intracellular distribution, mechanism of 
antisense action, and the properties of various oligonucleotide 
derivatives. In addition we present several examples of the biological 
effects of antisense administration used to study the role of 
specific genes in the regulation of cell growth and differentiation. 
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The BCL2 (B cell lymphoma/ leukemia-2 ) proto-oncogene encodes a 26-kDa 
protein that has been localized to the inner mitochondrial membrane and 
that has been shown to enhance the survival of some types of hematopoietic 
cells. Here we show that NIH3T3 fibroblasts stably transfected with a BCL2 
expression plasmid exhibit reduced dependence on competence-inducing growth 
factors (platelet-derived growth factor, PDGF; epidermal growth factor, 
EGF) for initiation of DNA synthesis. The importance of BCL2 for growth 
factor-induced proliferation of these cells was further confirmed by the 
useage of BCL2 antisense oligodeoxynucleotides . The mechanisms by 
which overexpression of p26 BCL2 contributes to fibroblast proliferation 
are unknown, but do not involve alterations in: (a) the production of 
inositol triphosphates (IP3) , (b) PDGF-induced transient elevations in 
cytosolic Ca2 + ions, or (c) the activity of protein kinase C enzymes in 
these transfected cells. The results imply that changes in mitochondrial 
functions play an important role in the early stages of the cell cycle that 
render 3T3 cells competent to respond to the serum progression factors that 
stimulate entry into S-phase. 
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We have used an in situ hybridization method for analysis of expression 
of BCL2 and MYC on cytospun preparations of normal and malignant lymphoid 
cell lines and tissue sections of normal and malignant lymph nodes. The 
probes comprised 50-mer antisense oligonucleotides starting at the 
ATG codons of exon 3 of BCL2 and exon 2 of MYC. We studied the expression 
of these two genes in frozen tissue sections of biopsy specimens derived 
from normal and hyperplastic lymph nodes, B-cell lymphomas carrying the 
t(14;18) (q32;q21) and t ( 8 ; 14 ) (q24; q32 ) translocations, and T-cell lymphomas 
with clonal chromosome abnormalities. While all proliferating cells 
expressed both genes, BCL2 expression was increased two- to threefold m 
follicular lymphomas with t(14;18) and MYC expression was increased two- to 
four-fold in high-grade lymphomas with t{8;14). These results are 
consistent with previous data on deregulated expression of these genes 
obtained from study of lymphoma cell lines carrying the relevant 
translocations . 
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Antisense oligodeoxynucleotides specific for sequences in mRNAs 
from the B-cell lymphoma/ leukemia- 2 (BCL2) gene were used to inhibit the 
growth in culture of a human leukemia cell line, 697. Normal phosphodiester 
(PO) and nuclease-resistant phosphorothioate (PS) oligodeoxynucleotides 
were compared with regard to specificity, potency, and kinetics. Both PO 
and PS antisense BCL2 oligodeoxynucleotides were specific inhibitors 
of cellular proliferation, since sense versions of these synthetic DNAs 
were inactive at similar concentrations. Specificity was further confirmed 
by quantitative immunofluorescence studies, showing that PO and PS 
antisense BCL2 oligodeoxynucleotides (when used at appropriate 
concentrations) reduced levels of BCL2 protein without influencing 
expression of HLA-DR and other control antigens. The onset of inhibition by 
PO oligodeoxynucleotides was faster, with reductions in cell numbers 
occurring within 1 day of addition to cultures, in contrast to 
phosphorothioates, which were ineffective until 3-4 days. Phosphorothioates 
were more potent that phosphodiesters, however, with half-maximal 
inhibition of leukemic cell growth occurring at concentrations 5-10 times 
lower. As expected from previous studies demonstrating the importance of 
BCL2 for regulating lymphoid cell survival, BCL2 antisense 
oligodeoxynucleotides also led to 697 leukemic cell death through 
sequence-specific mechanisms, with reductions in cellular viability 
generally lagging the inhibitory effects on cellular growth by about 2 
days. Taken together, these data indicate that PO and PS 
oligodeoxynucleotides targeted against the human BCL2 protooncogene can be 
sequence-specific inhibitors of leukemic cell growth and survival. 
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Rapid progress in oligonucleotide therapeutics has continued over the 
past year as major programs established in the past four years have grown 
and begun to be productive. Important advances were reported in the 
medicinal chemistry of oligonucleotides and in understanding their 
pharmacodynamic properties. Significant progress was made in understanding 
the pharmacokinetic and toxicologic properties of first generation analogs, 
particularly phosphorothioates and one oligonucleotide, ISIS 2105, entered 
clinical trials. Additionally, combinatorial approaches designed to 
identify oligonucleotides that may bind to a variety of targets were 
reported. 
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Oligodeoxynucleotides can act as antisense complements to target 
sense sequences of natural mRNAs to selectively regulate gene expression by 
translation arrest. This is a form of interventional gene therapy. 
Chemically modified analogs that are nuclease-resistant enable this 
strategy to be utilized in practice. Of the chemically modified backbone 
analogs of oligodeoxynucleotides we have used the phosphorothioate (PS) 
analog, in which a non-bridging phosphate oxygen atom is substituted with a 
sulfur atom. We have shown that these oligodeoxynucleotide analogs inhibit 
beta-globin expression in cell free systems, and that they are taken up by 
cells. Specific sequences have been shown to selectively regulate viral and 
cellular gene expression, for example the bcl-2 oncogene that 
is found in ca . 90% of lymphomas. However, the PS analog has certain 
disadvantages, notably reduced hybridization and non-selective inhibition 
of translation. We have therefore synthesized a series of (PS-PO) 
co-polymers and characterized their properties. Other related approaches 
include catalytic ribozymes , and formation of triplexes by direct 
interaction of oligomers in the major groove of DNA. In general, a 
chemically modified oligodeoxynucleotide analog can be regarded as a novel 
form of informational drug. 
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Photodynamic therapy (PDT), a promising treatment modality, is an 
oxidative stress that induces apoptosis in many cancer cells in vitro and 
tumors in vivo. Understanding the mechanism(s) involved in PDT -mediated 
apoptosis may improve its therapeutic efficacy. Although studies suggest 
the involvement of multiple pathways, the triggering event (s) responsible 
for PDT-mediated apoptotic response is (are) not clear. To investigate the 
role of Bcl-2 in PDT-mediated apoptosis, we employed Bcl- 
2-antisense and -overexpression approaches in two cell types 
differing in their responses toward PDT apoptosis. In the first approach, 
we treated radiation-induced fibrosarcoma (RIF 1) cells, which are 
resistant to silicon phthalocyanine (Pc 4) -PDT apoptosis, with Bcl- 
2-antisense oligonucleotide. This treatment resulted in 
sensitization of RIF 1 cells to PDT-mediated apoptosis as demonstrated by 
i) cleavage of poly (ADP-ribose) polymerase, ii) DNA ladder formation, in) 
terminal deoxynucleotidyl transf erase-mediated dUTP nick end labeling 
(TUNEL) -positive cells, and iv) DEVDase activity. This treatment also 
resulted in oligonucleotide concentration-dependent decrease m cell 
viability and down-regulation of Bcl-2 protein with a 
concomitant increase in apoptosis. However, the level of Bax, a 
pro-apoptotic member of Bcl-2 family, remained unaltered. In 
the second approach, an overexpression of Bcl-2 in PDT 
apoptosis-sensitive human epidermoid carcinoma (A431) cells resulted in 
enhanced apoptosis and up-regulation of Bax following PDT. In both the 
approaches, the increased Bax/Bcl-2 ratio was associated with 
an increased apoptotic response of PDT. Our data also demonstrated that PDT 
results in modulation of other Bcl-2 family members in a way 
that the overall ratio of pro-apoptotic and anti-apoptotic member proteins 
favors apoptosis. 
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Sympathetic neurons require nerve growth factor for survival and die by 
apoptosis in its absence. Key steps in the death pathway include c-Jun 
activation, mitochondrial cytochrome c release, and caspase activation. 
Here, we show that neurons rescued from NGF withdrawal-induced apoptosis by 
expression of dominant-negative c-Jun do not release cytochrome c from 
their mitochondria. Furthermore, we find that the mRNA f or BIM (EL) , a 
proapoptotic BCL-2 family member, increases in level after NGF 
withdrawal and that this is reduced by dominant-negative c-Jun. Finally, 
overexpression of BIM (EL) in neurons induces cytochrome c redistribution 
and apoptosis in the presence of NGF, and neurons injected with Bim 
antisense oligonucleotides or isolated from Bim(-/-) knockout mice 
die more slowly after NGF withdrawal. 
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BACKGROUND: Increased expression of the anti-apoptotic proteins Bel 
-2 and Bcl-xL is involved in the development and progression of many 
tumors. We recently reported that the bcl-2/bcl-xL-bispecif ic 
antisense oligonucleotide 4625 induces apoptosis in lung carcinoma 
cells. To further assess the therapeutic potential of oligonucleotide 4625, 
we investigated its effect on a series of human tumor cell lines of diverse 
histologic origins in vitro and in vivo. Methods: Oligonucleotide 
4625-mediated inhibition of bcl-2 and bcl-xL expression in 
vitro was measured in breast carcinoma cells with the use of reverse 
transcription-polymerase chain reaction (PCR) , real-time PCR, and western 
blotting. Cytotoxicity was assessed in several different cell lines by 
measurement of tumor cell growth, propidium iodide uptake, and nuclear 
apoptosis. The in vivo activity of oligonucleotide 4625 was determined by 
the inhibition of growth of established tumor xenografts in nude mice, 
immunohistochemical staining of Bcl-2 and Bcl-x proteins in the 
tumors, and western blotting of tumor lysates. Apoptosis in tumor 
xenografts was detected with the use of in situ TUNEL (i.e., terminal 
deoxynucleotidyl transf erase-mediated deoxyuridine triphosphate-digoxigemn 
nick end labeling) staining. All statistical tests are two-sided. RESULTS: 
In breast carcinoma cells, oligonucleotide 4625 treatment reduced bcl 
-2 and bcl-xL messenger RNA levels in a dose-dependent manner. At 600 
nM:, oligonucleotide 4625 reduced Bcl-2 and Bcl-xL protein 
levels to 25% (95% confidence interval [CI] = 16% to 34%) and 20% (95% CI - 
14% to 26%), respectively, of the levels in untreated cells and it 
decreased viability in all cell lines mainly by inducing apoptosis. In 
vivo, oligonucleotide 4625 statistically significantly inhibited the growth 
of breast and colorectal carcinoma xenografts by 51% (95% CI - 28% to 74%) 
and 59% (95% CI = 44% to 74%), respectively, relative to those treated with 
control oligonucleotide 4626; it also reduced Bcl-2 and Bcl-xL 
protein levels and induced tumor cell apoptosis. CONCLUSION: The bcl- 
2/bcl-xL-bispecific antisense oligonucleotide 4625 merits 
further study as a novel compound for cancer therapy. 
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OBJECTIVE: To explore the effect of WT1 antisense 
oligonucleotide (AS-oligo) on cell proliferation and apoptosis in myeloid 
leukemia cell lines. METHODS: K562 and HL-60 cells were cultivated with WT1 



AS-oligo. The cell proliferation, apoptosis, cell cycle a^i gene expression 
were examined by MTT ^Borimetry, FACS and RT-PCR. RES^pS : WT1 AS-oligo 
could inhibit the proliferation of K562 cell and induce^p°P tosis of K562 
and HL-60 cells. On the contrary, the growth of HL-60 cells and the 
expression of WT1, mdm2 and bcl-2 genes were unaffected. 
CONCLUSION: WT1 gene is related to the proliferation and apoptosis of 
leukemic cells. WT1 gene could suppress cell apoptosis independent of 
status of p53 and bcl-2 genes. It might play an role in 
leukemogenesis . 
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In the rat, 60 minutes of transient ischemia to the middle cerebral 
artery results in infarction of the caudate putamen. Ischemic 
preconditioning with 20 minutes of transient focal ischemia produced 
tolerance {attenuated infarction volume) to 60 minutes of subsequent focal 
ischemia administered three days, five days, or seven days later. Western 
blots from tolerant caudate putamen demonstrated increased bcl- 
2 expression, maximum at 3 days and persisting through 7 days. 
Immunocytochemical examination found that bcl-2 was expressed 
in cells with both neuronal and nonneuronal morphology in striatum after 
preconditioning ischemia, bcl-2 antisense oligodeoxynucle 
otides (ODNs), bcl-2 sense ODNs, or artificial cerebrospinal 
fluid (CSF, vehicle) was infused into the lateral ventricle for the 72 
hours between the 20-minute ischemic preconditioning and the 60-minute 
period of ischemia. Antisense ODN treatment reduced expression of 
bcl-2 in the striatum and blocked the induction of tolerance by 
preconditioning ischemia. Sense and CSF treatments had no effect on either 
bcl-2 expression or tolerance. In this model of induced 
tolerance to focal ischemia, bcl-2 appears to be a major 
determinant . 
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Bcl-2 expression is up-regulated in prostate cancer cells 



after androgen ablatioi^and associated with development of androgen 
independence and chemor^Mtance. We recently reported tl^^anti sense 
Bcl-2 oligodeoxynucle^Kdes (ODNs) delay progressi^^ to 

androgen independence in the androgen-dependent (AD) human LNCaP prostate 
tumor model. The objectives in this study were to determine whether 
antisense human Bcl-2 ODN enhances chemosensitivity of 
paclitaxel and whether combined antisense Bcl-2 ODN and 

paclitaxel further delays time to androgen-independent (AI) progression in 
the LNCaP tumor model. Semi-quantitative reverse transcriptast-polymerase 
chain reaction revealed that treatment of LNCaP cells with antisense 
Bcl-2 ODN decreased Bcl-2 expression in a 
dose-dependent and sequence-specific manner, whereas Bcl-2 

expression was not affected by paclitaxel treatment. Antisense 
Bcl-2 ODN treatment significantly enhanced paclitaxel 
chemosensitivity in vitro, reducing cell viability after treatment with 1 
nM paclitaxel from 76% to 42%. Characteristic apoptotic DNA laddering was 
demonstrated after combined treatment with 500 nM antisense Bel 
-2 ODN and 1 nM paclitaxel but not with either agent alone. Adjuvant 
in vivo administration of combined antisense Bcl-2 and 

polymeric micellar paclitaxel after castration resulted in a significant 
delay of emergence of AI recurrent LNCaP tumors compared with either agent 
alone. By 15 weeks post castration, tumor volume in mice treated with 
antisense Bcl-2 ODN alone or mismatch control ODN plus 

paclitaxel was >3-fold higher than in mice treated with combined 
antisense Bcl-2 ODN and paclitaxel. Mean serum 

prostate-specific antigen levels returned to or were above precastration 

levels by 11 weeks post castration in mice treated with antisense 

Bcl-2 ODN alone or mismatch control ODN plus paclitaxel but 

remained 90% below the pre-castration level in mice treated with combined 

antisense Bcl-2 ODN and paclitaxel. These findings 

identify combined antisense Bcl-2 and paclitaxel as a 

potentially new therapeutic strategy for advanced prostate cancer by 
enhancing paclitaxel chemosensitivity and delaying progression of 
hormone-refractory prostate cancer. Copyright 2001 Wiley-Liss, Inc. 
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To understand the roles of bcl-2 for the survival of leukemic 
cells, we constructed human leukemic HL60 transformant lines in which full 
length bcl-2 antisense message was conditionally 

expressed by a tetracycline-regulatable expression system. Cell growth was 

completely inhibited after antisense message induction and massive 

cell death was induced. Electron microscopic examinations show that cells 

died by autophagy, but not by apoptosis. The morphology and the function of 

mitochondria remained intact: neither the reduction in mitochondrial 

membrane potential nor the nuclear translocation of AI F, a mitochondrial 

protein that translocates to nuclei in cases of apoptosis, was observed. 

Caspase inhibitors did not rescue bcl-2-antisense 

-mediated autophagy. Thus, bcl-2 is essential for leukemic cell 

survival and its down-regulation results in autophagy. Cell Death and 

Differentiation (2000) 7, 1263 - 1269. 
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The present study investigates the relationship between the PKC-alpha and 
hepatic apoptosis during sepsis. Cecal ligation and puncture- (CLP) induced 
animal model of polymicrobial sepsis was used, with early and late sepsis 
referring to those animals sacrificed at 9 and 18 h, respectively, after 
CLP The expressions of PKCalpha and Bcl-2 family proteins as 
well as poly(ADP-ribose) polymerase (PARP) cleavage were quantified to 
evaluate the possible factors involved in the hepatic cell death during 
sepsis. The apoptosis of hepatocytes under septic condition or hepatocytes 
treated with PKCalpha antisense was evaluated by gel electrophoresis 
and/or flow cytometry after Annexin-V-Fluos and propidium iodide staining. 
The results indicated that (1) the protein expression of 
membrane-associated PKCalpha was decreased at early (P < 0.05) and late (P 
< 0.01) sepsis; (2) the protein expressions of Bcl-2 and Bcl-xL 
were decreased, whereas Bax expression was increased at late sepsis; (3) 
the percentage of PARP cleavage was increased at early (P < 0.05) and late 
(P < 0.01) sepsis; (4) severe DNA fragmentation was observed at late 
sepsis; (5) the apoptotic cell population was increased at early and late 
sepsis; and (6) the percentage of apoptotic cell population in PKCalpha 
antisense -treated cells was significantly higher than that in 
untreated cells. These results suggest that inactivation of PKCalpha may 
play an important role in modulating hepatic apoptosis during sepsis and 
the apoptosis is closely associated with the alterations of Bcl- 
2 family proteins. 
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ABSTRACT: P-ethoxy oligonucleotides (oligos) are lipophilic analogs of 
phosphodiesters. We have used liposomes to increase the intracellular 
uptake of P-ethoxy oligos, and demonstrated that liposomal P-ethoxy 
antisense oligos specific for Bcr-Abl, Grb2, Crkl or Bcl- 
2 mRNA could selectively inhibit the production of the 

corresponding proteins, thereby inducing growth inhibition in leukemia 
and lymphoma cell lines. In support of studying the effectiveness of 
liposomal P-ethoxy antisense oligos in animal models, we had 



conducted a series of ^idies to evaluate the pharmacok^^tics, tissue 
distribution and safet^Rc intravenous injection of lip^pnal P-ethoxy 
oligos in normal mice. The pharmacokinetics and tissue attribution of 
liposomal P-ethoxy oligos are very similar to those of other liposomal 
compounds. The plasma clearance rate of liposomal P-ethoxy oligos was 
Diphasic; the tl/2alpha and tl/2beta were approximately 6.7 mm and 7 n, 
respectively. The highest concentrations of liposomal P-ethoxy oligos 
were found in spleen and liver, with a tl/2 of approximately 48 h. When 
up to 180 mg of P-ethoxy oligos per kg of mice's body weight were used, 
the administration of liposomal P-ethoxy oligos had no adverse effects on 
renal and hepatic functions, or on the hematological parameters studied. 
No major organ pathologic changes were observed. Our studies suggested 
that, at the doses studied, liposomal P-ethoxy oligos could be safely 
used in animal studies. Since liposomal P-ethoxy oligos were found to 
accumulate mainly in spleen and liver, which are the major organs of 
leukemic and lymphoma disease manifestation, we are currently 
investigating the use of liposomal P-ethoxy antisense oligos A 
experimental leukemia and lymphoma animal models. 
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Bcl-2-independent Bcr-Abl-mediated resistance to apoptosis: 
Protection is correlated with up regulation of Bcl-x|L. 
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ABSTRACT: Bcr-Abl is the molecule responsible for both the transformation 
phenotype and the resistance to chemotherapeutic drugs found in chronic 
myelogenous leukemia (CML) cells. Wild-type HL-60, a transformed 
pro-myelocytic cell line, is very susceptible to apoptosis-inducing 



agents. We show here expression of Bcr-Abl in HL-6^ells rendered 

them extremely resista^Bto apoptosis induced by a widdMriety of 

agents. The anti-apoptofic effect of Bcr-Abl was found ^be independent 
of the phase of the cell cycle. Treatment with antisense 
oligonucleotides directed to bcr decreased the expression of the ectopic 
bcr-abl and restored susceptibility to apoptosis. Double mutations 
affecting the autophosphorylation site and the phosphotyrosme-binding 
motif (FLVRES) have been previously shown to impair the transforming 
activity of Bcr-Abl in fibroblasts and hematopoietic cells, however HL-60 
cells expressing this double mutant molecule exhibited the same level of 
resistance to apoptosis as those expressing the wild-type Bcr-Abl. 
Interestingly, wild type and mutant Bcr-Abl induced in HL-60 cells a 
dramatic down regulation of Bcl-2 and increased the levels of 
Bcl-x I L. The level of Bax did not change in response to the presence of 
Bcr-Abl. Antisense oligonucleotides targeted to bcl-x 

down-regulated the expression of Bcl-x, and increased the susceptibility 
of HL-60. Bcr-Abl cells to staurosporine . Importantly, HL-60 cells 
overexpressing Bcl-x I L showed higher expression of Bcl-X | L but lower 
resistance to apoptosis when compared to HL-60 . Bcr-Abl cells. The results 
described here show that Bcr-Abl is a powerful mammalian anti-apoptotic 
molecule and can act independently of Bcl-2. Bcl-X |L, 

however, seems to participate in part in Bcr-Abl-mediated resistance to 
apoptosis in HL-60 cells. 
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ABSTRACT: The authors established apoptosis resistant COS-1, myeloma, 
hybridoma, and Friend leukemia cell lines by genetically engineering 
cells, aiming at more efficient protein production by cell culture. COS-1 
cells, which are most widely used for eukaryotic gene expression, were 
transfected with human bcl-2 gene. Both bcl-2 and 
mock transfected COS-1 cells were cultured at low (0.2%) serum 
concentration for 9 days. The final viable cell number of the bcl- 
2 transfected cells was nine-fold of that of the mock 
transf ectants . Both bcl-2 and mock transf ectants were further 
transfected with the vector pcDNA-lambda containing SV40 ori and 
immunoglobulin lambda gene for transiently expressing lambda protein. The 
bcl-2 expressing COS-1 cells produced more lambda protein 
than the mock transfected COS-1 cells after 4 days posttransf ection. 
Mouse myeloma p3-X63-Ag . 8 . 653 cells, which are widely used as the partner 
for preparing hybridoma, and hybridoma 2E3 cells were transfected with 
human bcl-2 gene. Both bcl-2 transfected myeloma 

and hybridoma survived longer than the corresponding original cells in 

batch culture. The bcl-2 transfected 2E3 cells survived 2 to 

4 four days longer in culture, producing 1.5- to 4-fold amount of 

antibody in comparison with the mock transf ectants . Coexpression of bcl-1 

with bcl-2 improved survival of hybridoma 2E3 cells more than 

bcl-2 expression alone. The bcl-1 and bcl-2 

coexpressing cells produced more IgG than the cells expressing bcl- 
2 alone. Apoptosis of Friend murine erythroleukemia (F-MEL) cells 
was suppressed with antisense c-jun expression. The antisense 
c-jun expressing cells survived 16 days at non-growth state. 
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ABSTRACT: 1-beta-D-Arabinof uranosylcytosine (ara-C) stimulates the 
formation of both diglyceride and ceramide in the acute myelogenous 
leukemia cell line HL-60 (Strum, J. C, Small, G. W. , Pauig, S. B., and 
Daniel, L. W. (1994) J. Biol. Chem 269, 15493-15497). ara-C also causes 
apoptosis in HL-60 cells which can be mimicked by exogenous ceramide. 
However, the signaling role for ara-C-induced diacylglycerol (DAG) is not 
defined. We found that Bcl-2 levels were increased by 
treatment of HL-60 cells with exogenous DAG or 

12 -o-tetradecanoylphorbol-13-acetate (TPA) . In contrast, exogenous 
ceramide treatment caused a decrease in cellular Bcl-2 
levels. Thus, ara-C stimulates the synthesis of two second messengers 
with opposing effects on Bcl-2. Since the effects of 

ara-C-induced DAG could be due to protein kinase C (PKC) activation, we 
determined the effects of ara-C on PKC isozymes. ara-C caused an increase 
in membrane-bound PKC-beta-II (but not PKC-alpha or PKC-delta) . ara-C or 
TPA-induced translocation of PKC-beta-II was inhibited by 
l-0-octadecyl-2-0-methyl-rac-glycero-3-phosphocholine (ET-18-OCH-3 ) , and 
ara _ c _i nc luced apoptosis was stimulated by pretreatment of the cells with 
ET-18-OCH-3. ET-18-OCH-3 also inhibited stimulation of Bcl-2 
by TPA and enhanced the decrease in Bcl-2 observed in 

ara-C-treated cells. These data indicate that ara-C-induced apoptosis is 
limited by ara-C-stimulated PKC-beta-II through effects on Bcl- 
2. To further determine the role of PKC, we used antisense 



oligonucleotides direct^L toward PKC-beta-II. The antisense, but 
not the sense, oligonuj^Btide inhibited PKC-beta-II ac«ktion and 

enhanced ara-C-induced apoptosis . These data demons t rat e^hat the 
stimulation of apoptosis by ara-C is self-limiting and can be enhanced by 
inhibition of PKC. 
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ABSTRACT: The authors established apoptosis resistant COS-1, myeloma, 



hybricioma, and Friend ^^kemia cell lines by geneticall^^ngineering 

cells, aiming at more ^BtLcient protein production by c^B culture. COS-1 

cells, which are most wfRlely used for eukariotic gene e^ession, were 

transfected with human bcl-2 gene. Both bcl-2 and 

mock transfected COS-1 cells were cultured at low (0.2%) serum 

concentration for 9 days. The final viable cell number of the bcl- 

2 transfected cells was nine-fold of that of the mock 

transfectants . Both bcl-2 and mock transf ectants were further 

transfected with the vector pcDNA-lambda containing SV40 ori and 

immunoglobulin lambda gene for transiently expressing lambda protein. The 

bcl-2 expressing COS-1 cells produced more lambda protein 

than the mock transfected COS-1 cells after 4 days posttransf ection. 

Mouse myeloma p3-X63-Ag . 8 . 653 cells, which are widely used as the partner 

for preparing hybridoma, and hybridoma 2E3 cells were transfected with 

human bcl-2 gene. Both bcl-2 transfected myeloma 

and hybridoma survived longer than the corresponding original cells in 

batch culture. The bcl-2 transfected 2E3 cells survived 2 to 

4 four days longer in culture, producing 1.5- to 4-fold amount of 

antibody in comparison with the mock transfectants. Coexpression of bag-1 

with bcl-2 improved survival of hybridoma 2E3 cells more than 

bcl-2 expression alone. The bag-1 and bcl-2 

coexpressing cells produced more IgG than the cells expressing bcl- 
2 alone. Apoptosis of Friend murine erythroleukemia { F-MEL) cells 
was suppressed with antisense c-jun expression. The antisense 
c-jun expressing cells survived 16 days at non-growth state. 

1997 



3/3,AB/185 (Item 32 from file: 5) 

DIALOG (R) File 5:Biosis Previews (R) 
(c) 2001 BIOSIS. All rts. reserv. 

10899777 BIOSIS NO.: 199799520922 

Effect of antisense oligodeoxynucleotide targeted against bcl- 

2 gene on growth and apoptotic susceptibility of leukemia cells. 
AUTHOR: Chen Xie-Qun Huang Gao-Sheng; Yang Ping-Di 

AUTHOR ADDRESS: Dep. Hematol . , Xijing Hosp., Fourth Military Med. Univ., 

Xi'an 710032**China 
JOURNAL: Zhongguo Zhongliu Linchuang 24 (1) :p9-12 1997 
ISSN: 1000-8179 
RECORD TYPE: Abstract 
LANGUAGE: Chinese; Non-English 
SUMMARY LANGUAGE: Chinese; English 

ABSTRACT: After treated with antisense oligodeoxynucleotide specific 
for bcl-2 gene for 3 days, the intrinsic bcl-2 

protein of T-lymphocytic leukemia cell line CEM reduced approximately by 
50%, which caused target cells to decrease in survival and to be more 
sensitive to etoposide-induced apoptosis. The data presented here 
indicates that cellular intrinsic bcl-2 protein may play an 
important role in the leukemic cells death triggered by apoptosis induced 
chemotherapeutic agents. 
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ABSTRACT: Inhibition of gene expression by antisense oligonucleotides 
relies on the ability of an ODN to bind a complementary messenger RNA 
sequence and prevent translation of the mRNA. Most human follicular B 
cell lymphomas are associated with t(14;18) chromosome translocation that 
joins the bcl-2 gene with the IgH locus. This hybrid gene 
causes upregulation of the BCL-2 protein expression, endowing 
cells with survival advantage. The capacity of oligonucleotides to 
modulate gene expression specifically has been exploited to down regulate 
the overexpression of BCL-2 protein in the SU-DHL-4 human 
follicular B cell lymphoma line by targeting the hybrid transcript with 
ODN encompassing the unique nucleotide sequence in the fusion region. 
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ABSTRACT: The potential ^^rsenic to cause neural tube d^fccts (NTD) in 
the human population r^PLns a topic of controversy. Wh^B clearly toxic, 
the lack of well-defined human epidemiologic studies on this subject has 
made it difficult to fully understand the effects arsenic may have on the 
developing human neural tube. In the absence of good clinical data, we 
have tried to develop a murine model where hypotheses about the 
reproductive toxicity of arsenate can be tested. For these studies a 
murine strain (LN/Bc) that has proven to be susceptible to 
arsenic-induced NTD was use. Because cellular proliferation is vital for 
normal neural tube closure (NTC) to occur, in the present study we 
investigated whether an acute arsenate treatment could alter the 
expression of several cell cycle genes during murine neurulation. 
Pregnant LM/Bc dams were injected intraperitoneally on gestation day (GD) 
7:12 (day: hour) and 8:12 with 40 mg/kg of arsenate, a treatment that 
causes exencephaly in 90 to 100% of the exposed fetuses. Neural tubes 
were then isolated from both control and arsenic treated embryos at GD 
9:00, 9:12, 10:00, and 10:12, which encompasses all the stages of 
neurulation for this murine strain. Using the molecular techniques of in 
situ transcription and antisense RNA amplification (RT/aRNA) the 
expression pattern for bcl-2, p53, wee-1, and wnt-1 was 

analyzed at each of these time points. In the neural tubes isolated from 
control embryos, the expression of all four genes was significantly 
altered as neurulation progressed, demonstrating their developmental 
regulation. Following arsenate treatment, however, there was a 
significant upregulation in the expression of bcl-2 and p53 
at gestational day 9:0, compared to their control values. The heightened 
expression of both of these genes suggests that arsenic inhibits cell 
proliferation, rather than inducing apoptosis, which delayed NTC and 
ultimately led to the neural tube defects observed in exposed embryos. 
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ABSTRACT: PURPOSE: The studies of oncogenes expression in a SRS - 82 mouse 
Lymphoma cell line and SAC - II B-2, SAC - II C-3 clones have been less 
reported. We must establish a oncogene spectrum for finishing the 
experimental antisense treatment to SRS lymphoma. METHODS: SRS - 82 
mouse lymphoma cell line and SAC - II B-2, SAC - II C-3 clones were 
obtained from the Department of Pathophysiology, Shanghai Medical 
University. ABC immunohistochemical method was used. RESULTS: Strong 
staining was found for c - fos and c - myc, medium staining for c - jun, 
ras - p21 and c - erbB - 2, and negative reactions for P53 and bcl 

- 2 in SRS - 82 cell line and its clones. Cell surface marks (CD-4 

and CD- 8) of these two clones and their parent cell line were negative, 
all of them belong to primary stem cell origin. CONCLUSIONS: 
Establishments of oncogene spectrum play an important role in the 
experimental antisense treatment in SRS lymphoma, and c - fos and c 

- myc were the best targets for the antisense treatment. 
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ABSTRACT: In order to investigate the expression of genes related to the 
apoptosis of leukemic cells, we analyzed apoptosis-related gene 
expression during the apoptosis of a murine leukemia cell line (C2M-A5) 
induced by recombinant human granulocyte-colony stimulating factor 
(rhG-CSF) . In the in vitro study using C2M-A5 cells, we found that 
apoptosis of C2M-A5 cells was induced 48 hours after the addition of 
rhG-CSF to the culture medium. Northern blot analysis of mRNA derived 
from C2M-A5 cells revealed overexpression of c-myc (3-24 hours later), 
H-ras (6 hours later), c-fos (12 hours later), and p53 (6-24 hours 
later) , and down-expression of bcl-2 (beginning 6 hours 

later) in the cells cultured with rhG-CSF. However, no change in Fas mRNA 
expression was observed. The addition of c-myc antisense 

oligonucleotide to the culture of C2M-A5 cells with rhG-CSF significantly 

inhibited both the growth of clonal cells and the induction of apoptosis 

of C2M-A5 cells. Flow-cytometry analysis showed a decrease in Bcl- 

2 protein in C2M-A5 cells. Based on these findings, we concluded 

that the apoptosis of.C2M-A5 cells induced by rhG-CSF is associated with 

changes in expression of c-myc, H-ras, c-fos, p53, and bcl-2. 
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ABSTRACT: All-trans retinoic acid (ATRA) increases the sensitivity of AML 
blast cells to cytosine arabinoside (Ara-C) or daunorubicin (DNR) when 
ATRA is given after drug. We have proposed that down-regulation of 
bcl-2 is part of the mechanism by which ATRA regulates drug 
sensitivity. To test this hypothesis cDNA encoding bcl-2 was 
transfected into cells of the continuous lines OCI/AML-2 and OCI/AML-5. 
Four transfectant lines were isolated; three contained transfected 
bcl-2 in the sense orientation (AML5-BCL2sa, AML5-BCL2sb and 
2-bcl2) and one with anti-sense bcl-2 (AML5-bcl2as ) . The 
presence of the transfected gene was demonstrated by Northern blot; 
translation of the sense transfected genes into protein was demonstrated 
by Western blotting. Lines with sense-oriented transfected bcl- 
2 were significantly less sensitive to Ara-C or H-20-2 than the 
parental lines; the cells with anti-sense transfected genes were more 
sensitive than their parent but the difference did not reach statistical 
significance. The effect of ATRA on bcl-2 expression was 
compared in sense-transf ected cells and their parents; by Northern 
blotting it was shown that the endogenous but not the transfected genes 
were down-regulated after ATRA exposure. The capacity of cells with 
transfected genes to respond to ATRA was tested by obtaining Ara-C 
survival curves for ATRA-treated cells. Compared to controls not exposed 
to ATRA, the transfected cells showed little or statistically 
insignificant changes in Ara-C sensitivity after ATRA treatment. We 
conclude that data from the transf ectants provides evidence that 
expression of bcl-2 is a determinant of sensitivity to Ara-C 
and H-20-2; and that the effect of ATRA on sensitivity requires the 
presence of bcl-2 genes in association with regulatory 
elements . 
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ABSTRACT: CD40L, a membrane protein of activated T cells, interacts with 
the B cell receptor CD40. This interaction has been implicated in the 
rescue of germinal center B cells from apoptosis and in the rescue of 
WEHI-231 B lymphoma cells from slg-induced apoptosis. In this report, we 
have demonstrated that the signal mediated by CD40L acts upon bcl-x, a 
bcl-2 homologue. bcl-x expression is strongly enhanced by 
CD40 receptor engagement, while there is little or no induction by slg 
cross-linking. The expression of bax and bcl-2 is not 
significantly affected by either CD40L or slg crosslinking . 
Antisense but not sense phosphorothioate oligonucleotide for, bcl-x 
can partially block this CD40-mediated apoptotic rescue. This result 
suggests that the up-regulation of bcl-x by CD40L plays an important role 
in CD40-mediated apoptotic rescue in murine B cells. 
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To understand the role of individual genes in regulating biological 
processes, one must be able to interfere specifically with either their 
expression or function. While monoclonal antibodies have proven very useful 
in studying cell surface proteins, the specific inhibition of intracellular 
proteins in viable cells is a much more difficult problem. The goal of 



antisense technology is to develop small oligonucleotides, plasmids, 
or retroviral vectors which can be readily introduced into living cells in 
order to inhibit specific gene expression. In this review, we briefly 
describe the principles of antisense usage, including problems of 
cellular uptake and intracellular distribution, mechanism of 
antisense action, and the properties of various oligonucleotide 
derivatives. In addition we present several examples of the biological 
effects of antisense administration used to study the role of 
specific genes in the regulation of cell growth and differentiation. 
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The BCL2 (B cell lymphoma/ leu kemia-2 ) proto-oncogene encodes a 26-kDa 
protein that has been localized to the inner mitochondrial membrane and 
that has been shown to enhance the survival of some types of hematopoietic 
cells. Here we show that NIH3T3 fibroblasts stably transfected with a BCL2 
expression plasmid exhibit reduced dependence on competence-inducing growth 
factors (platelet-derived growth factor, PDGF; epidermal growth factor, 
EGF) for initiation of DNA synthesis. The importance of BCL2 for growth 
factor-induced proliferation of these cells was further confirmed by the 
useage of BCL2 antisense oligodeoxynucleotides . The mechanisms by 
which overexpression of p26 BCL2 contributes to fibroblast proliferation 
are unknown, but do not involve alterations in: (a) the production of 
inositol triphosphates (IP3), (b) PDGF-induced transient elevations in 
cytosolic Ca2+ ions, or (c) the activity of protein kinase C enzymes in 
these transfected cells. The results imply that changes in mitochondrial 
functions play an important role in the early stages of the cell cycle that 
render 3T3 cells competent to respond to the serum progression factors that 
stimulate entry into S-phase. 
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We have used an in situ hybridization method for analysis of expression 
of BCL2 and MYC on cytospun preparations of normal and malignant lymphoid 
cell lines and tissue sections of normal and malignant lymph nodes. The 
probes comprised 50-mer antisense oligonucleotides starting at the 



ATG codons of exon 3 of BCL2 and exon 2 of MYC. We studied the expression 
of these two genes in frozen tissue sections of biopsy specimens derived 
from normal and hyperplastic lymph nodes, B-cell lymphomas carrying the 
t (14; 18) (q32;q21) and t ( 8; 14) (q24; q32 ) translocations, and T-cell lymphomas 
with clonal chromosome abnormalities. While all proliferating cells 
expressed both genes, BCL2 expression was increased two- to threefold in 
follicular lymphomas with t(14;18) and MYC expression was increased two- to 
four-fold in high-grade lymphomas with t(8;14). These results are 
consistent with previous data on deregulated expression of these genes 
obtained from study of lymphoma cell lines carrying the relevant 
translocations . 
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Antisense oligodeoxynucleotides specific for sequences in mRNAs 
from the B-cell lymphoma/ leu kemia-2 (BCL2) gene were used to inhibit the 
growth in culture of a human leukemia cell line, 697. Normal phosphodiester 
(PO) and nuclease-resistant phosphorothioate (PS) oligodeoxynucleotides 
were compared with regard to specificity, potency, and kinetics. Both PO 
and PS antisense BCL2 oligodeoxynucleotides were specific inhibitors 
of cellular proliferation, since sense versions of these synthetic DNAs 
were inactive at similar concentrations. Specificity was further confirmed 
by quantitative immunofluorescence studies, showing that PO and PS 
antisense BCL2 oligodeoxynucleotides (when used at appropriate 
concentrations) reduced levels of BCL2 protein without influencing 
expression of HLA-DR and other control antigens. The onset of inhibition by 
PO oligodeoxynucleotides was faster, with reductions in cell numbers 
occurring within 1 day of addition to cultures, in contrast to 
phosphorothioates, which were ineffective until 3-4 days. Phosphorothioates 
were more potent that phosphodiesters, however, with half-maximal 
inhibition of leukemic cell growth occurring at concentrations 5-10 times 
lower. As expected from previous studies demonstrating the importance of 
BCL2 for regulating lymphoid cell survival, BCL2 antisense 
oligodeoxynucleotides also led to 697 leukemic cell death through 
sequence-specific mechanisms, with reductions in cellular viability 
generally lagging the inhibitory effects on cellular growth by about 2 
days. Taken together, these data indicate that PO and PS 
oligodeoxynucleotides targeted against the human BCL2 protooncogene can be 
sequence-specific inhibitors of leukemic cell growth and survival. 
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Oligodeoxynucleotides can act as antisense complements to target 
sense sequences of natural mRNAs to selectively regulate gene expression by 
translation arrest. This is a form of interventional gene therapy. 
Chemically modified analogs that are nuclease-resistant enable this 
strategy to be utilized in practice. Of the chemically modified backbone 
analogs of oligodeoxynucleotides we have used the phosphorothioate (PS) 
analog, in which a non-bridging phosphate oxygen atom is substituted with a 
sulfur atom. We have shown that these oligodeoxynucleotide analogs inhibit 
beta-globin expression in cell free systems, and that they are taken up by 
cells. Specific sequences have been shown to selectively regulate viral and 
cellular gene expression, for example the bcl-2 oncogene that 
is found in ca. 90% of lymphomas. However, the PS analog has certain 
disadvantages, notably reduced hybridization and non-selective inhibition 
of translation. We have therefore synthesized a series of (PS-PO) 
co-polymers and characterized their properties. Other related approaches 
include catalytic ribozymes , and formation of triplexes by direct 
interaction of oligomers in the major groove of DNA. In general, a 
chemically modified oligodeoxynucleotide analog can be regarded as a novel 
form of informational drug. 
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Rapid progress in oligonucleotide therapeutics has continued over the 
past year as major programs established in the past four years have grown 
and begun to be productive. Important advances were reported in the 
medicinal chemistry of oligonucleotides and in understanding their 
pharmacodynamic properties. Significant progress was made in understanding 
the pharmacokinetic and toxicologic properties of first generation analogs, 
particularly phosphorothioates and one oligonucleotide, ISIS 2105, entered 
clinical trials. Additionally, combinatorial approaches designed to 
identify oligonucleotides that may bind to a variety of targets were 
reported. 



